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War  Department,  Ordnance  Office, 

Washington,  October  13,  1885. 

Sir:  I  have  the  honor  tosabmit  the  follow! ag  report  of  the  principal 
operations  of  the  Ordnance  Department  during  the  fiscal  year  ended 
Jane  30, 1885,  with  such  remarks  and  recommendations  as  the  interests 
of  this  branch  of  the  military  service  seem  to  reqaire. 

The  fiscal  resources  and  expenditures  of  the  Department  daring  the 
year  were  as  follows,  viz : 

AmoQDt  in  the  Treasury  to  the  credit  of  the  appropriations  on  June 
30,1884 $413,490  63 

Amount  in  the  Treasury  not  reported  to  the  credit  of  the  appropriations 
on  June  30, 1884 7,545  43 

Amount  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30, 1884 .' 209,007  50 

Amount  of  appropriations  for  the  service  of  the  fiscal  year  ended  Juue 
30,  1885 1,928,844  02 

Amount  refunded  to  ordnance  appropriations  in  settlement  of  accounts 
during  the  year  ended  Juue  30, 1885 9,541  61 

Gross  amount  received  during  the  fiscal  year  ended  Jun^  30,  1885,  from 
sales  to  officers ;  from  rents ;  from  collections  from  troops  on  account 
of  losses  of,  or  damage  to,  ordnance  stores;  from  Chicago,  Rock 
Island  and  Pacific  Railroad  Company;  from  powder  and  projectiles 
(proceeds  of  sales) ;  from  sales  of  condemned  stores ;  from  testing 
machine,  and  from  all  other  sources  not  before  mentioned 160, 026  65 

Total 2,728,455  84 

Amount  of  expenditures  during  the  fiscal  year  ended  June  30, 1885,  in- 
cluding expenses  attending  sales  of  condemned  stores,  powder,  and 
projectiles,  &c 1,831,674  83 

Amount  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 

1885,  as  proceeds  of  sales  of  Government  property 119, 819  6^ 

Amount  transferred  from  ordnance  appropriations  in  settlement  of  ac- 
counts daring  the  fiscal  year  ended  June  30,  1885 1, 592  31 

Amount  turned  in  to  the  surplus  fund  on  June  30,  1885 2, 290  21 

Amount  in  Government  depositories  to  the  credit  of  disbursing  officers 
and  others  on  June  30, 1885 233,565  74 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations 

on  June30,  1885 6,819  21 

Amount  in  the  Treasury  to  the  credit  of  appropriations  on  June  30, 

1885 532,693  92 

Total 2,728,455  84 
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STATIONS  AND  DUTIES. 

The  stations  and  duties  of  the  officers  of  the  Ordnance  Department 
are  as  follows:  Four  at  the  Ordnance  Office;  thirty-nine  at  the  arsenals, 
armory,  and  powder  depots ;  nine  on  the  Ordnance  Board  and  at  the 
foundries;  six  at  the  several  military  headquarters  and  ordnance  depots; 
four  at  the  Military  Academy ;  one  under  the  orders  of  the  Secretary 
of  the  Interior ;  one  in  the  Life-Saving  Service,  under  the  Secretary  of 
the  Treasury.  To  fill  the  vacancy  caused  by  the  death  of  Maj.  S.  0* 
Lyford,  Second  Lieut.  S.  E.  Stuart,  First  United  States  Artillery,  was 
transferred  to  the  Ordnance  Department,  after  having  passed  a  satis- 
factory examination  as  required  by  law. 

The  Ordnance  Depart^lent  provides  the  armament  for  our  sea-coast 
defenses,  and  arms  and  other  ordnance  stores  for  the  Army,  the  militia, 
the  Marine  Corps,  all  other  Executive  Departments  to  protect  public 
money  and  property,  and  the  forty  colleges  authorized  by  law  to  re- 
ceive them  for  instruction. 

SMALL-ARMS. 

During  the  fiscal  year  ended  June  30,  1885,  40,657  rifles,  carbines, 
and  shotguns  have  been  manufactured  at  the  National  Armory.  Re- 
pairing arms,  providing  spare  parts,  making  swords,  sabers,  and  mis- 
cellaneous articles  must  bo  mentioned  as  among  its  operations. 

The  Lee,  Chaffee-Beece,  and  Hotchkiss  magazine  rifles  have  been  in 
the  hands  of  troops  for  trial  during  the  year,  and  the  results,  when  all 
are  received,  will  be  specially  reported  on. 

One  thousand  rod-bayonet  rifles,  new  model,  with  improved  sights, 
are  also  in  the  hands  of  troops  for  trial. 

RIFLE   PRACTICE. 

The  gold  and  silver  medals  offered  as  rewards  for  successful  marks- 
manship in  the  annual  department  and  division  rifle  contests  have,  as 
usual,  been  issued  to  the  different  headquarters  in  advance  of  the  date 
of  the  contests,  thus  insuring  their  early  delivery  to  the  fortunate  com- 
petitors. 

During  the  year  the  bronze  Marksman's  pin  and  Sharpshooter's  cross, 
formerly  furnished  the  soldier  as  a  reward  for  proficiency  attained  in 
practice  with  his  company,  and  as  a  distinguishing  mark  of  his  superior 
skill  in  the  use  of  the  rifle,  have  been  replaced  with  pins  and  badges  of 
silver,  of  somewhat  similar  design,  but  much  more  finished  workman- 
ship. The  greatly  increased  value  which  these  decorations  now  possess 
in  the  estimation  of  the  soldier  has  shown  the  propriety  of  the  change. 

In  my  last  report  it  was  stated  that  Capt  S.  E.  Blunt,  Ordnance  De- 
partment, then  chief  ordnance  officer  aftd  inspector  of  rifle  practice  of 
the  Department  of  Dakota,  wa«  preparing,  under  my  direction  and  in 
accordance  with  your  authority,  a  new  work  upon  target  practice  for 


laEPORT   OF   THE    CHIEF   OF   ORDNANCE.  V 

the  Army.  Captain  Blant  has  since  been  transferred  to  the  head- 
quarters of  the  Army  as  Inspector  of  rifle  practice,  and  the  new  manual, 
after  having  been  approved  by  the  Secretary  of  War,  was  brought  out 
and  introduced,  and  is  now  the  authorized  guide  for  the  Army.  As  a 
work  upon  rifle  and  carbine  firing,  both  in  the  scientific  details  of  the 
subject  and  in  the  manner  in  which  it  deals  with  the  more  practical 
steps  of  the  soldier's  instruction,  from  the  unskilled  recruit  to  the  ex- 
pert marksman,  it  seems  to  be  all  that  can  be  desired.  The  skirmish 
firing  introduced  by  it  as  an  important  element  Id  determining  the  com- 
position of  the  selected  teamsof  marksmen,  has  developed  in  the  soldier 
the  habit  of  a  prompt  estimation  of  his  distance  from  his  mark  and  an 
accuracy  and  rapidity  of  fire  that  will  very  greatly  increase  his  effi- 
ciency in  battle. 

The  great  interest  taken  by  the  Army  in  rifie-firing  has  led  to  an  in- 
creased demand  for  the  different  materials  requisite  for  practice,  and 
the  Department  has  fortunately  been  able  to  furnish  liberal  supplies,  so 
that  the  rifle-ranges  at  the  different  posts  are  now  better  equipped  than 
at  any  previous  time. 

THE  MILITIA. 

It  is  hardly  necessary  to  do  more  than  refer  in  a  cursory  way  to  the 
great  need  of  larger  appropriations  for  ^'armingandequipping  the  whole 
body  of  the  militia,"  or  even  a  reasonable  fraction  of  it.  If  the  Gen- 
eral Government  intends  Jkeeping  the  militia  up  to  the  highest  practica- 
ble standard,  as  the  main  armed  force  of  the  country,  then  the  amount 
deemed  sufficient  in  1808  must  be  greatly  increased.  If  this  most  im- 
portant duty  is  to  be  performed  by  the  individual  States,  then  the  fa^t 
should  be  decided  and  proclaimed,  that  the  responsibility  rest  upon  the 
proper  shoulders.  One  thing  is  certain,  that  more  uniform  and  liberal 
methods  and  direct  responsibility  should  be  resorted  to,  to  place  on  an 
efficient  footing  the  militia  and  volunteer  organizations  of  all  the  States. 

And  in  this  connection  I  beg  leave  to  call  attention  to  the  absolute 
necessity  of  the  proper  organization  of  the  militia  force  of  the  District 
of  Columbia.  Some  of  its  organizations,  in  drill,  discipline,  and  effici- 
ency, are  not  surpassed  by  any  in  the  country,  and  yet  the  armed  force 
is  divided  into  separate  and  distinct  bodies  without  a  common  superior. 
The  interests  at  stake  in  the  capital  of  the  nation  call  for  snch  an 
armed  force  to  be  kept  well  in  hand  under  one  commander,  ready  for 
effective  service  at  a  moment's  notice.  It  is  not  for  me  to  decide  whether 
the  laws  now  in  the  statute  book  are  sufficient,  but  the  gravity  of  the 
matter  seems  to  call  for  legislative  and  executive  action. 

UNITED  STATES   TESTING  MACHINE. 

The  commanding  officer  of  Watertown  Arsenal  has  made  hia  report 
of  tests  of  iron,  steel,  and  other  materials  for  industrial  purposes  for 
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the  past  fiscal  year.  The  report  will  be  submitted  to  you  for  transmis- 
aion  to  Congress  at  the  opening  of  the  next  session,  as  required  by  law. 

In  previous  reports,  the  views  of  this  office  were  given  as  to  the 
requirements  of  the  General  Government  in  this  regard,  and  the  de- 
mand for  additional  facilities  to  meet  the  necessities  of  the  public  service 
and  of  private  enterprise. 

The  machine  cannot  at  present  do  all  that  is  required  by  the  public 
service,  and  series  of  tests,  of  great  importance  to  the  G-overnment,  have 
been  and  are  he^fig  delayed,  because  the  work  to  be  done  is  far  more  than 
one  machine  can  accomplish.  A  smaller  machine,  that  would  relieve  the 
present  one  of  most  of  the  tests  of  small  specimens,  should  be  the  first 
step,  but  the  day  is  not  fnr  distant  when  the  interests  of  the  country  will 
require  still  greater  facilities,  and  in  more  than  one  locality.  Larger 
appropriations  for  using  the  machine  and  providing  the  necessary  cler- 
ical labor  are  absolutely  essential. 

BOARD  ON  FORTIFICATIONS  OR  OTHER  DEFENSES. 

In  the  last  fortification  bill  a  Board  was  provided  for,  to  '^  examine 
and  report  at  what  ports  fortifications  or  other  defenses  are  most  urgently 
required,  the  character  and  kind  of  defenses  best  adapted  for  each,  with 
reference  to  armament,"  and  "  the  utilization  of  torpedoes,  mines  or 
ether  defensive  appliances,"  and  the  Executive  order  of  May  12, 1885, 
gave  effect  to  this  legislation. 

All  that  is  needed  to  place  our  defenses  in  proper  condition  is  time 
and  money,  but  both  time  and  money  are  vital  factors.  Time  without 
money  or  money  without  time  will  efl;*ect  nothing.  It  will  be  a  costly 
undertaking,  not  to  be  accomplished  in  a  year  or  in  five,  as  every  natioa 
in  Europe  well  understands  from  experience;  but  if  it  is  to  be  done  (and 
the  dQubters  are  few),  the  sooner  we  begin  the  better.  That  this  Board 
will  present  a  plain  unvarnished  statement  that  will  carry  conviction  is 
to  bo  expected,  and  it  is  hoped  that  Congress  will  rise  to  the  occasion 
and  give  the  necessary  legislation  and  appropriation. 

ARMAMENT  OF  FORTIFICATIONS. 

Profifress  in  the  manufacture  of  the  several  experimental  cannon,  un- 
dertaken in  accordance  with  the  provisions  of  the  act  of  March  3, 1883, 
has  been  so  much  retarded  the  past  year  that  up  to  the  date  of  this 
report  only  the  12-inch  M.  L.  rifled  mortar  and  the  12-inch  B.  L.  rifle, 
cast  iron,  have  been  received  at  the  proving  ground. 

The  12-inch  M.  L.  rifled  mortar  was  completed  the  last  of  November, 
1884,  and  though  turned  over  to  the  Quartermaster  Department  for 
transportation  to  Sandy  Hook  on  f)ecember  11, 1884,  it  was  not  received 
at  the  proving  ground  until  March  12,  1885,  being  three  months  in 
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transit  between  Boston  and  New  York.  A  full  description  of  this  piece, 
with  a  history  of  its  manufacture,  is  contained  in  Appendix  25,  here- 
with. 

Experimental  Firings  of  12'inch  M.  L,  Rifled  Mortar. 

From  the  results  of  the  trials  last  year  with  two  experimental  lOinch 
M.  L.  rifled  mortars — see  Appendix  17,  Report  of  Chief  of  Ordnance, 
1884 — the  Department  had  been  led  to  select  the  Eureka  sabot  for  the 
12-inch  mortar  shell ;  and  from  further  information  gained  in  those  trials 
it  was  enabled  to  determine  approximately  the  dimensions  for  the  sabot 
and  the  character  of  the  powder  to  be  used.  Actual  firings  with  the 
12-incli  mortar  were  necessary,  however,  to  determine  definitely  these 
qnestions  of  sabot  and  powtler.  Accordingly,  before  turning  the  mortar 
OTer  to  the  Board  for  Testing  Bifled  Gannon,  appointed  under  the  act 
of  July  5, 1884,  the  Ordnance  Board  was  directed  to  make  some  pre- 
liminary firings,  with  these  objects  in  view. 

Under  the  supervision  of  the  Ordnance  Board  the  mortar  has  been 
flred  44  roands,  by  means  of  which  the  Board  has  been  enabled  to  ar- 
rive at  definite  conclusions  regarding  the  forms  of  sabot  and  natures  of 
powder  that  appear  suitable  for  the  test  of  the  piece.  One  form  of  sabot 
is  adapted  to  the  use  of  the  same  powder,  with  either  full  or  half 
charges;  and  another  form  to  the  use  of  a  slow  powder  with  full 
charges,  and  a  quick  powder  with  reduced  charges.  The  results  obtained 
in  these  preliminary  firings  are  given  in  Appendix  20,  and  from  which 
the  following  is  an  extract : 
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The  followiDg  results  also  were  obtained : 
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Kothing  was  determined  as  to  the  accuracy  of  fire  in  these  prelimi- 
nary trials.  That  is  a  matter  to  be  determined  by  the  Board  for  Testing 
Bifled  Gannon  who  now  have  the  mortar  in  hand  for  test,  and  upon 
whose  report,  in  this  respect,  will  rest  largely  the  final  determination  of 
the  question  whether  for  sea-coast  mortars,  muzzle-loading,  or  breech, 
loading  is  the  more  advantageous  system.  The  object  of  the  Depart- 
ment in  selecting  the  muzzle-loading  system  as  the  type  ibr  an  experi- 
mental piece,  is  thus  stated  in  the  following  extracts  from  its  letter, 
transmitting  the  plan  of  the  mortar,  to  the  Ghetty  Board,  in  April  1882: 

In  working  ap  this  plan  it  was  thought  that  the  old  method  of  loading  from  the 
mnzzle  was,  on  the  whole,  the  best  adapted  to  the  purposes  of  a  mortar. 

As  a  muzzle-loader,  the  piece  would  be  somewhat  lighter  and  oonsiderably  oheaper^ 
and  oould  be  manufactured  iu  much  less  time ;  and,  on  the  other  hand,  no  objection 
exists  to  muzzle-loading  with  a  piece  so  short  as  a  mortar,  and  which,  at  the  same 
time,  when  in  service,  is  so  well  protected  from  direct  fire  as  to  afford  great  freedom 
of  movement  to  the  cannoneers  in  the  service  of  the  piece. 

In  the  English  service  the  rifled  mortars  are  muzzle-loaders,  and  so,  also,  are  the 
recently  introduced  9.5-inch  and  11.8-inch  mortars  in  the  French  service.  In  1874  it 
was,  indeed,  claimed  in  France  (see  Ordnance  Note  68,  p.  547,)  that  it  was  essential 
that  a  rifled  mortar  '*  should  be  loaded  from  the  breech,  in  order  to  give  the  shell  suf- 
ficient stability  in  flight,  which  can  only  be  obtained  in  a  short  piece  by  an  exact 
centering  of  the  projectile — an  end  much  less  difficult  of  attainment  with  a  breech- 
loader than  with  a  muzzle-loader.'' 

But  later,  it  is  stated  by  Captain  Gadand,  of  the  French  navy  {Comet  dea  Notes  et 
Benseignement,  1881,  p.  6*2),  that,  **  in  consequence  of  experiments  made  in  1878  with 
an  8.66-inch  (22  centimeters)  howitzer,  there  were  adopted  two  mortars,  of  cast-iron 
hooped  and  loading  at  the  muzzle,  of  9.45-inch  (24  centimeters)  and  11.8-inch  (30 
centimeters)  caliber  respectively  ;  the  object  had  in  view  being  the  prompt  procure- 
ment, and  at  little  expense,  of  a  great  number  of  mortars  easy  to  serve  and  not  requir- 
ing the  care  or  need  of  repairs  that  breech-loaders  do." 

So  it  would  appear  that  with  the  French  navy,  at  least,  it  was  thought  that  the 
gain  in  accuracy  of  fire  in  the  breech-loader  would  be  more  than  compensated  for, 
with  muzzle-loaders,  by  the  gain  in  the  number  of  pieces. 

The  relative  merits  of  the  two  systems  of  breech-loading  and  muzzle-loading  are 
dearly  and  forcibly  stated  by  Sir  William  Armstrong,  in  his  address  before  the  Insti- 
tntion  of  Civil  Engineers  in  January,  1882,  as  follows : 

''  The  question  whether  breech-loading  or  muzzle-loading  guns  are  most  advantageoos 
is  one  which  had  been  discussed  in  a  very  uncompromising  spirit,  as  if  one  or  other 
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of  the  two  systems  oaght  to  be  nniyersally  adopted,  to  .the  entire  exolnsion  of  th& 
other.  Impartial  consideration,  however,  will  show  that  there  is  room  for  both  sys- 
tems, and  that  each  is  best  in  its  proper  place.  It  has  been  distinctly  proved  that, 
so  far  as  accuracy  and  velocity  are  concerned,  there  is  nothing  to  choose  between 
them.  Neither  is  there  any  material  difference  in  regard  to  rapidity  of  fire ;  nor 
would  a  superiority  in  this  respect  on  either  side  be  of  much  value,  seeing  that  it  i» 
of  far  more  importance  to  cultivate  careful  and  deliberate  fire  than  to  facilitate  a. 
lavish  expenditure  of  the  very  limited  supply  of  costly  ammunition  that  can  be  as- 
signed to  each  gun  in  active  service. 

*' With  regard  to  convenience  of  loading  and  security  of  the  gunners,  the  advantage 
is  in  most  oases,  though  not  in  all,  on  the  side  of  the  breech-loader.  Guns  mounted 
on  the  broadsides  of  ships  or  in  casemated  batteries  cannot  be  loaded  at  the  muzzle- 
by  any  known  method  without  very  seriously  exposing  the  men  to  the  fire  of  machine 
guns  and  small-arms.  In  fact,  the  great  length  of  modern  guns  renders  it  impossible 
to  get  access  to  the  muzzle  for  the  purpose  of  loading  without  allowing  more  spac& 
for  recoil  than  is  practicable  in  a  ship,  or  in  the  usually  confined  space  of  a  casemate ;: 
so  that  in  these  cases  breech-loading  must  be  regarded  as  a  necessity.  But  in  earth- 
work batteries  a  muzzle-loading  gun  can,  by  proper  arrangement,  be  loaded  under 
the  shelter  of  the  parapet  more  securely  and  quite  as  conveniently  as  a  breech-loader. 
In  revolving  turrets,  also,  a  gun  may  be  loaded  at  the  muzzle  by  external  means,  in- 
volving no  exposure  of  the  men,  and  in  gunboats  carrying  a  heavy  gun  on  the  lin& 
of  the  keel,  loading  at  the  muzzle  is  also  easily  effected. 

"The  superior  simplicity  of  a  muzzle-loading  gun  entitles  it  to  a  preference  wher- 
ever it  can  be  used  with  equal  advantage.  All  breech-loading  mechanism  is  of  a  nat- 
ure to  require  very  accurate  fittings,  such  as  require  care  both  in  use  and  for  preser- 
vation. Breech-loaders,  therefore,  are  very  unfit  weapons  for  imperfectly  instructed 
gunners,  and  they  are  quite  out  of  place  in  open  batteries  where  they  would  be  ex- 
posed to  the  injurious  influences  of  the  weather  and  of  drifting  sand.  It  would  be 
folly,  therefore,  in  such  cases  to  use  them  in  preference  to  muzzle-loaders,  which  re- 
quire little  care  for  their  preservation  and  take  no  harm  from  exposure.'' 

To  the  above  may  be  added  the  following  extract  from  the  conclusioDa 
of  the  Commission  of  Gavre  in  1879  on  the  trials  with  M.  L.  rifled  how- 
itzers (Notes  on  the  Construction  of  Ordnance,  No.  8),  namely : 

A  rifled  mortar  for  coast  defense  firing  from  behind  an  ^paulement,  whether  muzzl& 
or  breech- loading,  can  only  be  loaded  when  the  piece  is  nearly  horizontal ;  in  ithis 
position  the  difference  in  protection  to  the  gunners  by  the  ^paulement  with  the  breech* 
loader  or  the  muzzle-loader  is  too  trifling  to  be  considered. 

A  muzzle-loading  rifled  mortar  for  coast  defense  would  have  the  following  advan- 
tages over  a  breech-loader  of  the  same  kind:  It  is  much  more  easily  kept  in  repair, 
less  costly,  and  can  be  more  quickly  manufactured ;  precautions,  however,  must  be 
taken  to  sponge  with  care,  and  to  have  no  stoppage  of  the  projectile  in  the  bore  iiv 
the  event  of  deformation  of  the  sabot. 

With  muzzle-loading  mortars  similar  to  those  tried  very  satisfactory  results  can  be 
obtained  as  to  extent  of  range  and  accuracy ;  the  accuracy  in  range  exceeds  that  ob- 
tained with  the  best  breech-loading  pieces. 

The  12-inch  B,  L,  Rifle — ca8t  iron. 

This  gan  was  completed  and  shipped  to  the  proving  ground  in  April 
of  this  year.  After  being  subjected  to  the  firing  proof  of  5  rounds  with 
charges  of  150  pounds  of  powder,  'as  specified  in  the  contract,  some 
additional  firings  were  made  under  the  supervision  of  the  Ordnance 
Board,  for  the  purpose  of  determining  the  nature  of  the  powder  and  the 
details  of  the  band — for  the  projectile — best  suited  for  testing  the  gun* 
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Experimental  Firings. 

The  Department  had  procured  last  year  a  sample  lot  of  brown  pris- 
matic powder  from  the  United  Rhenish  and  Westphalian  Powder  Com- 
pany, Germany.  This  powder  was  guaranteed  to  fulfill  the  following 
conditions,  imposed  by  the  Department,  when  fired  from  a  gun  having 
the  length  of  bore  and  size  of  chamber  of  the  12-inch  cast-iron  rifle, 
namely,  with  charge  of  265  pounds ;  projectile  of  800 ;  density  of  load- 
ing, 0.84;  and  length  of  travel  of  shot  in  bore  22.6  calibers;  to  give  a 
velocity  of  about  1,748  feet,  with  a  pressure  not  exceeding  15.6  tons,  or 
34,720  pounds,  per  square  inch  of  powder  chamber. 

The  powder  when  tested  in  the  12  in^h  cast  iron  B.  L.  rifle  gave  the 
following  actual  results : 


Kind  of  powder. 

Weieht 
charge. 

Density 

of 
loading. 

^«*f^*       Initial 
projectUe.  ^^^^^^^^y- 

Pressure  per 

square  inon  of 

bore. 

OArman  brown  Driflmatic  D.  1. 8628 

Lbt. 
265 

0.8363 

Lbt. 
800 

Feet. 
1,709 

S     14  0  tons. 
\  31, 400  lbs. 

These  results  were  deemed  satisfactor>',anditwas  sought  to  reproduce 
them  with  a  brown  prismatic  powder  of  home  production,  the  Messrs. 
Du  Pont  having  already  furnished  samples  of  brown  powder  for  test. 
The  results  obtained  with  the  Du  Pont  powder  will  be  referred  to  more 
at  length  under  the  head  of  prismatic  powder ;  suffice  it  to  say  here 
that  they  have  proved  so  satisfactory  that  the  Department  has  felt 
warranted,  in  advertising  for  bids  for  the  supply  of  a  considerable 
quantity  of  domestic  brown  powder,  to  impose  the  conditions  that  when 
flred  in  a  gun  of  similar  dimensions  to  this  12-inch  cast-iron  rifle,  with  a 
chargeof  265  x)ounds,  and  a  projectile  of  800  pounds,  the  velocity  shall  not 
be  less  than  1,700  feet  at  125  feet  from  the  muzzle,  and  the  pressure  shall 
not  exceed  32,500  pounds  per  square  inch  of  i)owder  chamber.  The 
Ordnance  Board  has  fired  this  gun  25  rounds,  and  has  determined  with 
sufficient  definiteness  the  character  of  band  to  be  employed  with  the 
projectile,  to  permit  of  the  trials  taking  place  as  soon  as  the  powder  is 
procured. 

A  description  of  the  manufacture  of  the  gun  and  the  records  of  fir- 
ings are  contained  in  Appendices  24  and  20  herewith. 

The  results  thus  far  obtained,  in  the  very  limited  number  of  rounds 
that  have  been  fired,  are  to  be  regarded  simply  as  a  function  of  the 
length  of  bore  and  the  quantity  and  character  of  powder  employed, 
with  a  projectile  of  given  weight,  so  that  equally  good  results  can  with 
certainty  be  predicated  of  any  gun,  of  equal  caliber,  fired  under  like 
conditions.  It  would,  therefore,  be  premature  as  yet  to  pronounce  the 
gun  a  success,  as  a  piece  of  medium  power,  until  it  has  first  fulfilled  the 
eondition — sine  qua  non — of  possessing  the  requisite  degree  of  endurance 
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auder  fire.    Bat  regarding  tbe  resnlts  simply  from  a  ballistic  point  of 
view,  the  followiDg  tabular  comparison  is  instructive : 
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From  the  above  figures  it  appears,  comparing  the  12-inch  cast-iron 
nfle  with  Krupp's  lighter  gun,  that,  using  practically  the  same  weight 
of  powder  charge,  the  muzzle  energy  and  peuetratiou  in  iron  are  » little 
in  favor  of  Krupp's  gun  5  but  the  advantage  of  the  heavier  Krnpp  pro- 
jectile is  apparent  in  the  still  more  favorable  showing  at  3,500  yards, 
where  the  difference  in  peaetratioa  is  double  what  it  was  at  the  muzzle. 
The  marked  disparity  between  the  guns  lies  (l)in  the  length  of  bore; 
the  Krupp  gun  is  much  the  shorter,  and  to|o£rse,t  which  a  heavier  press- 
ure Is  necessitated  in  the  bore — though  still  a  moderate  pressure  ;  and, 
(2,)  in  the  weight  of  piece,  the  Krupp  gun  is  the  lighter  by  17  tons. 

If  we  assnme  the  steet  gun  to  cost  $1,000  per  ton,  and  the  cast-irou 
$640  per  ton,  their  total  respective  costs  will  be  $37,000  for  the  steel 
gnn,  and  $29,160*  for  the  cast-iron  gnn,  or  a  difference  of  $7,840  in  favor 
of  the  cast-iron.  But  the  far  greater  weight  and  dimensions  of  the  lat-  ' 
ter  will  require  a  carriage  for  its  service,  which,  il  not  proportionately 
so  heavy  as  that  required  for  tbe  Krnpp  gun,  will  yet  be  absolutely  the 
heavier;  it  will  also  require  a  larger  platform.  These  conditions  will 
reduce  materially  the  difference  in  cost,  while  the  greater  size  and 
weight  of  carriage,  added  to  the  already  objectionable  weight  of  the  cast- 
on,  Inolndint  tlia  ateel  farglug  tor  breech  meohu 
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iroD  guD  itself,  will  render  poiatiag  and  elevating  tbe  f;un  slow  if  not 
tedions  operations,  and  without  tbe  compensation  of  a  proportional  in- 
crease in  the  power. 

But  then  the  qnestioa  of  endurance  is  still  to  be  determined  for  the 
cast-iron  gun,  while  it  is  an  ascertained  fact  that  tbe  Erupp  gnn  has 
been  fired  120  roouds  and  is  in  good  condition.  If  we  disregard  all  con- 
sideration of  weight  of  charge  and  length  of  bore,  and  make  the  compari- 
son simply  on  the  basis  of  weight  of  piece,  the  higb-power  Krupp  12-incb 
rifle  of  48  tons  will  answer  very  well  as  representing  the  merits  of  steel 
against  cast  iron,  though  that  gaa  is  still  6  tons  lighter  tbaa  the  12  inch 
cast-iron  rifle.  The  great  saperiority  of  this  Krupp  gnn  to  the  12-iQch 
cast-iron  rifle,  in  smashing  effect,  which  is  assnmecl  as  the  measure  of 
effect  against  hard  armor,  and  in  piercing-power  at  alt  ranges,  is  at 
once  apparent;  nor  is  the  pressure,  17.3  tons,  deemed  excessive  for  » 
steel  gun.  This  Erupp  12-iach  rifle  has  been  fired  over  100  ronnds  and 
remains  in  good  condition.  From  this  comparison  it  will  be  seen  that 
the  steel  gun,  of  which  this  12-iuch  Krupp  is  a  type,  would  fulfill,  far 
more  satisfactorily  tbe  two  prime  conditions  imposed  on  modern  ord- 
nance, viz,  tbe  attainment  of  the  maximum  power  possible  for  the  lengtb 
of  bore  and  weight  of  piece,  and  without  overstraining  the  gnn.  In 
this  connection  the  following  extract  from  a  communication  addressed 
tbe  by  Chief  of  Ordnance  to  the  Getty  Board  of  1882  is  pertinent: 

If  cast  iron  guna  were  once  abandoued  for  tlie  atroiitjcr  built-np  guns,  why  ahoald 
we  DOW  return  to  tbeui,  when  the  great  problem  of  the  da;  is  how  to  secure  the  gaa 
of  greatest  powei  coninienBurate  with  our  facilities  for  fabricutioD f  If  the  built- 
up  gun  wua  better  able  to  eodure  the  more  dostructive  powders  of  the  p««t  than  th» 
cast  iroD  sinplj  bocanse  it  was  a  stronger  gUD,  why  shonld  not  its  greater  streugtb 
be  utilized  to-day  in  tbe  attaiuineDt  of  a  greater  potper  than  is  admiasible  with  cast 
icon  f  If  maxiiauM  poiver  is  the  object  aimed  at  in  the  oonstractioa  of  modern  artil- 
lery, there  can  be  but  one  answer  to  this  question,  Indeod,  stronger  gnns,  not  weaker 
ones,  than  even  the  best  guna  of  tbe  past  arc  really  what  is  needed  to  oope  with  the 
modern  conditions  of  resistance  to  gun-power;  more  work  is  required  ^om  a  gun 
now  than  formerly;  and  any  increment  of  work  that  can  with  safety  be  eiact©d 
ftom  it  will  be  in  full  proportion  to  tbe  increase  of  strength. 

Another  and  a  most  instructive  comparison  may  yet  be  made.  A 
lO'incb  B.  L.  rifle,  steel,  of  32  calibers  length  of  bore  wonld  weigh 
about  27  tons.  The  results  that  should  be  realized  with  such  lO-incb 
gnn,  reasoning  from  the  results  already  obtained  with  Do  Pout's  brown 
powder  in  the  12<iach  rifle,  wonld  be  as  follows : 
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From  vhicb  we  deduce,  for  oomparisou  with  the  J3-iDbh  rifle — 


i.. 

■lie. 

At  S.SOO  jmnlh 

5 

■S'3 

5 

■4 

S 

P 

i'i. 

"^ 

; 

!| 

•J 
11 

il 

/«»« 

V.  B.  IX-lDch  B.  L.  rlBa,  cut-Iron,  M  tool . 

18,197 

!L!S 

K.Q 

is 

18.2ft 

From  the  aborn  figures  it  nil)  be  seen  that  while  tbe  total  ener^;,  or 
smasbiiig  effect,  U  somewhat  less  for  the  10-incb  ritie  up  to  3,S00  yards 
tbe  depth  of  penetratioD  is  greater.  But  the  wei_ght  of  this  gun  is  ooly 
one-half  that  of  tbe  12-iDch  castirou  gun,  aod  therefore  its  coat  would 
be  about  the  same  as  fur  the  latter.  Should  Cou^reas  make  a  sufficient 
appropriation  to  enable  this  Department  to  advertise  for  the  forgiDga,8ay 
forlOO  of  theme  lO'inch  steel  rifles,  it  is  quite  certain  that  souie  of  our  steel 
manufacturers  would  provide  the  requisite  press  for  the  production  of  tbe 
forgJDgs,  with  the  oil  tanks  and  annealing  furnaces  for  their  treatment, 
in  about  a  year;  and  that  thuy  would  begin  to  deli  rer  tbe  rougb-flaished 
forgings  within  six  months  afterwards,  or  say  eighteen  months  aft«r 
date  of  tbe  contraet.  It  la  even  safe  to  say  that  they  woald  ao  design 
tbe  new  plant  that  it  should  possess  sufficient  capacity  for  the  produc- 
tion of  tbe  forgings  required  for  12-incb  steel  guns;  thus  in  the  near 
future  would  our  own  steel  makers  be  placed  on  a  footing  to  supply  the 
forgings  for  guns  of  a  power  far  in  excess  of  anything  we  can  hope  to 
obtain  from  the  use  of  cast-iron  alone.  Liberal  appropriations  by  Con- 
gress, to  extend  over  a  number  of  years,  for  the  manufacture  of  8, 10, 
and  12  inch  steel  rides,  and  ultimately  of  16-incb  and  higher  oaliberst 
would,  it  is  believed,  prove  tbe  truest  policy  for  tbe  development  of  our 
own  resoarces,  and  the  avreat  for  placing  oar  extended  coast  in  a  proper 
fltate  of  defense. 

The  remaining  guns  not  yet  completed  are  as  follows: 

The  12-inch  cast-iron  B.  L.  Rifie,  hooped  and  tubed. 

Tbe  body  for  this  gun  bas  been  caat,  and  the  steel  parts,  as  hoops,  tube 
'  and  the  forgings  for  breech  mechanism,  have  been  procured  and  are  in 
sncb  advanced  stages  of  completion  that  tbe  assembling  of  the  parts  will 
be  commenced  in  a  few  weeks.  Tbe  breech  mechanism  is  also  nearly 
completed.  Tbe  hoops  for  this  gun  were  obtained  from  the  Midvale 
Steel  Company,  but,  owing  to  their  considerable  dimensions  and  weight, 
tbe  company  feared  that  it  would  overtask  tbeir  rolling  mill  to  work 
these  hoops  as  thoroughly  as  was  done  with  tbe  hoops  for  the  8-inch 
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rifle  and  12inch  mortar;  the  effect  of  this  is  apparent  in  the  somewhat 
lower  qualities  of  these  hoops,  a  mean  of  which  for  tangential  specimens 
6  inches  long  between  shoulders,  is  as  follows: 


Elastic  limit < 


24.5  tODH. 
54,880  poands. 

Tensile  strength !  tS5?2^"%>nnd8. 

Elongation 13.^6  per  cent. 


Ike  12'inch  B.  L.  Rifle^  cast  iron^  lined  with  wire-wrapped  tube. 

As  stated  in  my  last  annual  report,  the  first  attempt  to  cast  the  body 
of  this  gun  proved  a  failure ;  the  flasks,  proving  too  weak  to  sustain 
the  weight  of  metal,  gave  way — precipitating  the  molten  metal  into  the 
casting  pit.  The  second  casting  for  the  gun  was  made  December  23, 
1884.  After  being  removed  from  the  pit  the  casting  was  placed  in  the 
lathe,  and  the  cutting  of  annular  grooves  on  the  exterior  begun,  for  the 
purpose  of  removing  t^e  surplus  metal  by  means  of  wedges  forced  into 
the  grooves. 

In  cutting  a  groove  at  94  inches  from  the  muzzle,  and  after  a  depth 
of  about  7  inches  had  been  reached,  a  crack  was  discovered  at  the  bot- 
tom, and  shortly  afterwards  the  gun  parted  transversely  along  the 
crack — breaking  short  off  in  the  lathe.  Afterwards  another  crack  was 
discovered  in  cutting  a  groove  near  the  breech  end ;  ultimately,  as  the 
cutting  was  continued,  the  casting  cracked  transversely  at  eight  differ- 
ent i>oiuts  while  the  annular  grooves  were  being  cut,  and  before  the  re- 
sort to  wedging  off.    (See  Appendix  22,  herewith.) 

The  failure  of  this  casting  is  attributed  to  the  irregular  and  abnormal 
strains — at  least  of  abnormal  intensity — induced  by  the  method  pur- 
sued in  casting.  A  radical  departure  was  made  from  the  usually  ac- 
cepted Eodman  method,  and  without  the  sanction  of  the  Department ; 
instead  of  cooling  from  the  interior  alone  and  kO/Cping  the  exterior  of 
the  flask  hot  by  a  fire  kindled  at  the  bottom  of  the  pit,  a  brick  wall 
was  set  up  in  the  pit  around  the  flask  and  extending  above  the  trun- 
iiious  ;  then  the  space  between  it  and  the  pit  walls  was  filled  in  with 
damp  molding  sand.  A  fire  was  kindled  on  top  of  the  molding  sand^ 
but  was  kept  burning  for  only  a  comparatively  short  time.  It  is  to  these 
faulty  arrangements,  aggravated  no  do|ibt  by  a  contraction  in  the  mold 
near  its  upper  portion — see  Appendix  32 — that,  as  it  is  believed,  the  loss 
of  the  casting  was  mainly  due. 

The  company  is  now  making  arrangements  for  a  third  casting,  to  be, 
made  breech  up.*    The  tube  for  this  gun,  the  breech  bushing  and  blocks 
have  been  procured,  and  considerable  work  has  already  been  done  to- 
wards their  completion.    The  tube  will  be  wrapped  with  wire  at  the 
Watertown  Arsenal. 

*  Since  writing  the  above,  the  third  casting  has  been  made.  The  official  report  states 
that  it  ruptured  longitudinally y  a  fracture  being  found  extending  fromthe  sinking  head 
downward  when  the  mold  was  stripped  from  the  casting  while  yet  in  the  pit. 
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The  10-inch  B.  L.  RifUy  cast  irafij  wrapped  toith  tcire. 

The  body  for  this  gun  has  been  sent  to  Watertown  to  receive  its  wrap- 
ping :  the  breech  mechanism  is  nearly  completed,  and  the  wire  will  be 
applied  as  soon  as  some  necessary  data  have  been  obtained  from  an  ex- 
perimental cylinder  now  being  wrapped  with  wire. 

The  10-inch  B,  L.  RiJUj  steely  wrapped  with  wire. 

The  tube  for  this  gun,  furnished  by  Sir  Joseph  Whitworth  &  Coro- 
pany,  was  rough-bored,  turned,  and  annealed  at  the  Washington  IS'avy. 
Yardy  and  then  shipped  to  the  Watertown  Arsenal.  The  longitudinal 
bars,  for  giving  end  strength  to  the  gun,  were  cold-rolled  at  Jones  & 
Laughlins,  Pittsburgh,  Pa.,  during  which  operation  considerable  delay 
was  caused  by  several  breakages  of  the  rolls.    (See  Appendix  46.) 

The  forgings  for  the  breech  mechanism  and  the  several  exterior  rings 
for  the  gun,  except  the  cast-steel  sleeve  that  is  to  sustain  the  trunnion- 
hoop,  have  already  been  furnished  by  the  Mid  vale  Steel  Company;  all 
of  which,  with  some  33,000  pounds  of  finished  and  tinned  wire,  have 
been  sent  to  the  Wdtertown  Arsenal,  where  the  gun  is  to  be  constructed* 
The  preparations  at  Watertown  for  winding  the  wire  onto  the  guns  are 
about  complete,  and  preliminary  trials  are  now  being  made  to  test  the 
efficiency  of  the  winding  apparatus,  and  the  effect  produced  by  the  wire 
on  short  cylinders  representing  sections  of  the  guns  under  fabrication » 

The  drawing  of  the  steel  wire,  of  the  character  prescribed  by  the 
Department,  has  been  a  burdensome  task  to  the  wire  makers,  although 
experienced  and  skillful  manufacturers,  and  it  has  proved  a  very  severe 
ordeal  to  the  metal  itself,  out  of  which  the  wire  was  made.  See  Ap- 
pendix 47.  At  the  date  of  this  report  the  inspector  gives  the  following 
as  a  tolerably  fair  estimate  of  the  loss  on  75,000  pounds : 

Poimds. 

Shipped  to  Watertown  Arsenal 33,000 

On  hand  ready  to  tin 7,000 

Probable  amount  that  will  be  obtained  from  last  lot  of  18,000 
pounds  of  rods 15,000 

Total  of  good  wire 55,000 

Lo88  due  to  breaks,  defective  pieces,  &c 16, 000 

Loss  due  to  treating,  pickling,  &c.... 4,000 

75,000 

Or  a  total  loss  of  26.6  per  cent.,  which  is  certainly  poor  economy •. 
Possibly  it  may  be  found  practicable  to  reduce  that  amount  by  going 
over  again  the  pieces  rejected  and  saving  portions  of  them.  There  is> 
here,  however,  a  wide  field  for  improvement  in  means  and  methods  f 
but  improved  methods  will  doubtless  be  forthcoming  if  the  production 
of  this  class  of  wire  is  to  take  rank  as  a  regular  branch  of  the  wire- 


XVI 


REPORT  OF  THE  CHIEF 'OF  ORDNANCE. 


tnaking  indastry.  The  methods  of  production  that  mast  be  employed 
for  mere  experimeutal  purposes  are  necessarily  more  or  less  crude* 
Following  is  a  summary  of  the  results  of  tests  made  on  specimens  of 
this  wire,  and  also  on  several  varieties  of  imported  wire  used  in  gun  con- 
struction abroad ;  all  the  specimens  were  10  inches  in  length,  and  the 
tests  were  made  on  the  machine  at  Watertown  Arsenal: 


American  wire,  Otis  steel 

English  ribband 

French  round  wire  for  small  calibers 
French  round  wire  for  large  calibers 


Cross-section 
of  wire. 


Square  inehee. 
.0216 
.0147 
.001257 
.004020 


Te  nsile 
strength. 


Pound§. 
176, 717 
270,023 
300,997 
828.257 


Elongation 

after 

rupture. 


Percent. 

2.04 

.47 

.47 

.77 


Reduction 
in  area  aft 
er  rupture. 


Per  eent, 
ie.8 
1S.4S 
22.01 
16.97 


The  S-inch  B.  L,  Rifie^  steel. 

A  second  jacket  has  been  furnished  for  this  gun  by  Sir  Joseph  Whit- 
worth  &  Company;  all  the  material  for  the  gun  has  been  procured,  sent 
to  the  West  Point  Foundry,  and  a  large  proportion  of  the  machining 
has  been  done,  and  the  manufacturers  have  begun  to  assemble  the  part«. 
A  mishap,  however,  has  already  occurred  in  shrinking  the  jacket  on 
the  tube,  which  has  occasioned  considerable  delay,  but  it  will  now  soon 
be  remedied. 

Midvale  Forgingsfor  an  Sinch  B.  L,  Rifle,  steel. 

The  Department,  last  spring,  contracted  with  the  Midvale  Steel  Com- 
pany for  a  tube,  jacket,  and  forged  trunnion-hoop  for  an  8-inch  ^un, 
intending,  if  these  forgings  should  fulfill  the  contract  requirements,  to 
order  afterwards  the  hoops  for  the  gun.  These  are  the  largest  gun- 
forgings  yet  attempted  in  this  country,  and  the  results  are  looked  for- 
ward to  with  great  interest,  as  they  will,  if  successful,  demonstrate  the 
pra^'ticability  of  producing  the  steel  for  guns  up  to  8  inches  caliber 
with  the  facilities  now  at  the  command  of  our  own  manufacturers. 
"They  will  further  show  a  step  in  advance  towards  the  production  of  still 
larger  forgings — an  end  earnestly  to  be  desired,  and  to  the  speedy 
•consummation  of  which  a  very  material  impetus  would  be  aftbrded 
ahould  the  Department  be  enabled  this  year  to  place  a  considerable 
order  for  8-inch  gun-forgings.  The  physical  qualities  prescribed  for 
these  forgings  were  of  very  high  character,  such  as  is  desirable  for 
^un  steel — namely  :  tangential  specimen  3  inches  long  for  tube  and 
jacket,  and  6  inches  long  for  the  hoop,  to  show  the  following : 


JBlaetic  limit jMunds.. 

Tensile  strenffth do 

JSlongation  after  rupture percent.. 


Tube. 

Jacket 

48,000 

90.000 

21 

60.000 

08,000 

19 

Trunnion 
hoop. 


45,000 

95,  poo 

15 
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The  high  reputation  that  the  managers  of  the  Midvale  Steel  Works 
have  already  acquired  in  the  production  of  smaller  gun  forginga  in- 
spires the  hope  that  they  will  also  be  successful  with  these  of  larger 
dimensions,  although  they  are  placed  perhaps  somewhat  at  a  disad- 
vantage, owing  to  the  small  size  of  their  hammer.  Both  tube  and 
jacket  have  been  forged,  and  are  now  being  rough-turned  and  bored 
prior  to  oil-tempering,  and,  so  far  as  appearances  go,  are  sound  and 
good  forgings. 

The  KMnch  B,  L,  RifUj  steel  hooped. 

The  tube,  jacket,  and  trunnion-hoop  for  this  gun  were  ordered  last 
spring  from  Sir  Joseph  Whit  worth  &  Company,  with  the  agreement 
that  the  forgings  should  be  delivered  in  six  months  from  the  date  of 
contract.  The  qualities  specified  for  these  forgings,  and  which  Whit- 
worth  accepted  without  hesitation,  were  as  follows :  For  tangential  test 
specimens  3  inches  long  from  tube  and  jacket  and  6  inches  long  from 
tninnion  hoop,  viz: 


Elaatic  limit. 


Tube [ 

Jacket I 

Tnumion  hoop i 


22  tons 

49.000  iMnndB 

23  tons 

51,500  pounds 

20  tons 

45,000  poonds 


Elongation 
Tensile  strength.!      after  rap- 
tare. 


42.4  tons Kft  «--.««««♦ 

96,000 pounds...  jl9pero«n<^ 

M.SSrpounds:::'}"p«^««°^ 

42  tons 


95.000  pounds 


?  15  per  cent. 


Under  date  of  July  28, 1885,  the  Department  advertised  for  the  hoops 
for  this  gun.  The  hoops  were  to  be  hammered,  as  their  length  was  greater 
than  could  be  furnished  from  any  existing  rolling-mill  in  the  country, 
some  of  them  being  upwards  of  2  feet  in  length.  They  were  to  be  oil- 
tempered  and  annealed,  as  in  the  case  of  other  hoops  ordered  and  tested 
by  the  Department,  and  to  show  the  following  physical  qualities  as  de- 
termined from  the  test  of  tangential  specimens  6  inches  long  between 
shoulders : 

QUALITIES. 

Elastic  limit  over 55, 000  poands. 

Tensile  strength  over 100, 000  poands. 

Elongation  after  rupture  over 12  per  cent. 

The  lowest  offer  for  furnishing  these  hoops  came  from  the  Cambria 
Iron  Company,  Johnstown,  Pa.  These  large  and  well-known  steel  pro- 
ducers had  previous  to  this  taken  no  active  part  in  competing  for  the 
orders  or  contracts  of  the  Department  for  supplies  of  gun  steel ;  but 
it  was  well  understood  that  the  managers  had  the  whole  question  of 
steel  production,  in  the  quantities  and  forms  and  of  the  qualities  suit- 
able to  the  necessities  of  the  Department,  under  careful  considera- 
tion, and  had  sent  their  officers  abroad  to  collect  information  and  to 
Btady  foreign  modes  of  practice.  This  office  had  previously  received 
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from  the  company  the  records  of  test  of  an  oiltempered  and  annealed 
locomotive  tire,  which  were  certainly  promising,  namely : 


Elastic 
limit. 


Poundg. 
67,180 


Tensile 
strength. 


PoundB. 
110, 700 


Ultimate  elongation.  Redaction  in  are*. 


17.  5  per  cent,  in  24  inches '  47. 2  per  cent. 


Still  it  was  a  bold  step  to  undertake,  as  their  first  attempt,  the  man- 
ufacture of  these  large  hoops  under  such  severe  specifications ;  but  it 
argues  well  for  the  enterprise  and  self-reliance  of  the  Cambria  Com- 
pany. 

Experimental  Compound  Cylinders, 

In  connection  with  the  manufacture  of  experimental  guns,  the  Depart- 
ment has  made  it  a  practice,  in  the  case  of  each,  distinct  type  of  gun, 
to  assemble,  with  the  shrinkages  proposed  for  the  gun,  a  short  cylinder, 
representing  a  section  of  the  gun  through  the  powder  chamber,  and  af- 
terwards dismantle  it.  By  this  means  it  has  been  enabled  to  judge  of 
the  accuracy  of  the  formulas  employed  for  the  calculation  of  the  shrink- 
ages and  the  radial  changes  corre8i)Ouding  thereto,  when  put  to  a  prac- 
tical application,  and  thus  of  the  suitableness  of  the  theoretical  values 
to  the  purposes  of  actual  construction ;  and  incidentally  it  has  derived 
additional  information  regarding  the  qualities  of  the  metals  employed. 

From  these  experiments,  so  far  as  tliey  have  been  carried,  the  satis- 
factory conclusions  are  reached — (1)  that  since  the  free  tests  of  the  metal, 
t.  6.,  as  made  with  the  testing  machine,  are  fully  confirmed  by  the  re- 
sults obtained  from  hooping  cylinders,  the  data  furnished  from  such  free 
tests  may  be  regarded  as  suitable  for  employment  with  the  formulas  re- 
lating to  the  hooping  of  guns;  and  (2)  that  the  formulas  themselves  are 
to  be  regarded  as  safe  guides  in  i)ractice,  at  least  as  regards  radial 
changes,  when  applied  with  the  limitations  under  which  they  have  been 
deduced. 

The  striking  agreement  between  theory  and  practice,  as  regards  the 
radial  changes  that  occur  in  the  wall  of  a  compound  cylinder  under 
construction,  where  the  values  representing  the  qualities  of  the  metals 
have  been  judiciously  chosen,  and  the  measurements  of  the  radial 
changes  skillfully  made,  will  be  apparent  from  an  inspection  of  appendix 
27,  containing  the  report  on  the  assembling  and  dismantling  of  an  ex- 
perimental cylinder  for  the  8-inch  B.  L.  rifle',  steel ;  whilst  appendix 
29 — containing  an  analysis  of  similar  experiments,  made  in  connection 
with  the  construction  of  the  12-inch  B.  L.  rifle,  cast-iron,  hooped,  and 
tubed  with  steel — shows  that  even  when  allowing  some  latitude  in  the 
choice  of  the  i)hysical  qualities,  as,  for  instance,  in  the  values  of  the 
co-eilicieiits  of  elasticity,  a  satisfactorily  close  agreement  is  still  obtained. 

The  accuracy  of  the  theoretical  values  for  the  elastic  resistance  of 
compouiul  cylinders,  has  not  as  yet  been  verified  by  experiment,  and 
will  aceonlingly  be  made  the  subject  of  future  investigations,  operating 
upon  small  cylinders  by  means  of  hydraulic  pressure.    From  our  pres- 
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ent  knowledge  it  woald  appear  that  the  tbeoretical  resistance,  as  com- 
puted by  fonnulas  now  in  use  by  the  Department  is  too  low,  as  meas- 
ured by  the  rej^istered  powder  pressures  in  the  bores  of  guns,  or,  at 
least,  that  it  may  be  considerably  exceeded  in  practice  without  sensibly 
disturbing  the  elastic  equilibrium  of  the  gun.  For  instance,  with  the 
12-inch  mortar,  hooped,  the  theoretical  radial  changes — corresponding 
to  the  actual  shrinkages  employed — were  verified  with  a  very  fair  de- 
gree of  approximation  in  the  actual  construction  of  that  piece. 

But  the  corresponding  theoretical  elastic  resistance  ol'  the  system  to 
an  internal  pressure  was  only  about  11  tons;  not  taking  into  account, 
of  course,  the  resistance  of  the  casting  due  to  its  own  initial  tension  of 
some  5  tons.  Now  this  piece  has,  as  a  fact,  been  subjected  to  pressures 
ill  actual  firing  of  14, 15,  and  nearly  L7  tons  per  square  inch  of  bore,  and 
yet  without  appreciable  deterioration  ;  indeed  the  measurements  of  the 
bore»  after  the  firings,  show  a  pretty  regular  contraction  of  about  .001 
inch  on  the  diameter.  (See  Appendix  19.)  Theoretically,  a  pressure  of 
about  13.5  tons  per  square  inch  on  the  bore  would  have  sufficed  for  the 
extension  of  the  steel  hoops  to  their  elastic  limit — the  full  elastic 
strength  of  the  hooi^s  not  having  been  utilized  iu  the  construction,  by 
reason  of  the  over  compression  of  the  casting  that  would  have  ensued, 
when  the  system  is  at  rest. 

The  Department  has  now  under  preparation  a  series  of  experiments  to 
test  the  frictioual  resistance  exerted  between  cylinders  assembled  under 
shrinkage,  the  objects  proposed  being  to  ascertain  the  absolute  value  of 
such  resistance  in  the  cases  under  test,  and  also  what  relation  the  fric- 
tioual resistance  bears  to  the  normal  pressure,  and  to  the  extent  of  sur- 
face of  contact  where  the  pressure  per  superficial  unit  is  constant. 
These  experiments  are  regarded  as  of  great  importance  in  their  bear- 
ing on  the  longitudinal  strength  aiibrded  by  the  shrinking  of  one  cyl- 
inder over  another,  and  also  on  the  coupling  of  tube  with  jacket  in  gun 
Qoustructiou. 

The  complete  records  of  the  assembling  and  dismantling  of  the  ex- 
perimental cylinders  representing  sections  of  the  12-inch  mortar,  8-inch 
rifle,  and  12-inch  cast-iron  rifle,  hooped  and  tubed,  are  contained  iu  Ap- 
pendices 26,  27,  and  28. 

The  ^iiich  Rifle^  converted. 

The  contract  for  the  50  rifles,  converted  from  10-inch  S.  B.  guns  by 
lining  with  a  steel  tube,  inserted  from  the  muzzle,  referred  to  in  my  last 
annual  report,  was  awarded  to  the  West  Point  Foundry  Association  as 
the  lowest  bidder,  and  the  manufacture  of  the  tubes,  &c.,  to  the  Mid- 
vale  Steel  Company.  The  tubes  were  to  be  oil-tempered,  and  to  show 
on  3-inch  test  specimens,  taken  tangentialJy  from  each  end  of  tube,  the 
following  properties : 

Elastic  limit 38,000  pounds. 

Tensile  strength 80,000  pounds. 

Elongation  after  rap  tare Not  less  than  22  per  cent. 
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The  work  on  tbese  gnus  is  well  advanced.  (See  Appendix  45.)  The 
60  casings  have  been  bored  out  for  the  reception  of  the  tabes,  and 
upwards  of  30  tubes,  and  a  large  proportion  of  the  small  forgings 
for  breech  cups  and  muzzle  collars,  have  been  accepted  and  sent  to  the 
West  Point  Foundry.  With  this  lot  of  50  guns  the  conversion  of  S. 
B.  guns  into  rifles  ceases,  as  the  total  number  of  couvert'Cd  rifles  on 
hand  will  equal  that  recommended  by  the  Senate  select  committee  in 
February,  1883.  Accordingly  no  appropriation  for  further  conversions 
has  been  asked  for. 

Alterations  of  Sea- Coast  Carriages. 

This  work  has  been  delayed  by  the  necessity  of  some  further  tests, 
but  the  original  number  of  carriages  undertaken  for  alteration  for  the 
15-inch  S.  B.  gun  and  the  11-inch  M.  L.  rifle,  converted,  have  been  com- 
pleted and  are  now  being  issued.  The  frequent  applications  made  from 
the  service  for  the  8-inch  rifles,  converted,  with  their  mountings,  has 
decided  the  Department  to  conflne  its  alterations  during  this  year  to 
the  lOinch  barbette  and  casemate  carriages,  adapting  them  to  the  serv- 
ice of  the  8-inch  rifles.  This  work  will  be  done,  as  heretofore,  at  the 
Watertown  Arsenal,  and  it  is  expected  that  50  carriages  will  be  com- 
pleted this  fiscal  year. 

Prismatic  Powders. 

The  Messrs.  Du  Pont  completed,  last  year,  their  new  and  large  press 
for  tbe  manufacture  of  this  kind  of  powder.  It  has  a  capacity  for  press- 
ing 124  prisms  at  one  time,  and  can  turn  out  12  pressings,  or  say  126 
pounds  of  finished  powder  per  hour.  They  have  also  devised  a  machine 
by  means  of  which  the  ingredients  of  the  powder  are  thoroughly  blended 
together,  the  effect  of  which  should  be  the  production  of  a  very  uni- 
formly burning  powder. 

A  sample  of  the  Du  Pont  brown  prismatic  powder  was  first  tested  in 
the  12.25-inch  M.  L.  rifle  of  18.5  calibers  length  of  bore,  last  November, 
and  its  behavior  as  compared  with  that  of  the  German  prismatic  powder 
may  be  judged  from  the  following  extract  from  the  firing  records  of  that 
gun. 


Kind  of  powder. 


Gtortnan  brown  prismatio.. 

D.  1.8628 

DnPont'8  brown  prismatic 
D.  1.8600  


•j:1 
;::} 


Weight  of 
charge. 

ProJectUe 
weight 

Density  of 
loading. 

1 

1    Pounds. 

175 
175 

Pounds. 
608 

602 

0.90068 
0.00068 

Velocity  at 

145  feet  from 

mnssle. 


1,458 
1,526 


Pressure  p«r 

square  inch 

of  bore. 


Pounds. 


25^56d 


These  results  were  promising,  and  another  sample  was  ordered  for 
trial  in  the  12-inch  B.  L.  rifle,  cast  iron.  The  first  sample  tested  in  the 
latter  gun  proved  entirely  too  slow-burning ;  the  velocity  and  pressure 
were  low,  whilst  a  considerable  quantity  of  partially  consumed  powder 
was  ejected  from  the  gun.  Further  samples  were  tested,  and  the  pres- 
ent status  of  the  Du  Pont  brown  powder,  as  compared  with  the  Oter- 
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mau,  may  l>e  seen  from  the  following  extract  from  the  firing  records  of 
the  12- inch  cast-iron  B.  L.  rifle  (see  Appendix  20): 


Kind  of  powder. 


Weight  of  !  Number  of 
charge.      projectile. 


loading.     l^S 


G«niuui  brown  powder . . . 

D.  l.*««28 

IHi  Pmt's  brown  powder . 

W.M . 

D.  1.833 

Da  Pout's  brown  powder. 

H.M 

D.  1.833    -. 


!    Pounds. 

|j  265 


265 


265 


Pounds. 
800 

800 
800 


0.83G3 
0.8363 

0.8363 


Fset. 
1,703 

1,700 
1,677 


Pressnre  per 
square  inch 
of  chamber. 


Pounds. 
31, 400 

26,300 
25, 940 


The  last  set  of  results  represent  a  mean  of  5  rounds,  and  are  not  so 
fiEiForable  as  those  in  the  preceding  line.  The  latter  are  the  best  results 
thas  far  obtained  with  the  12-inch  B.  L.  Rifle,  all  things  considered, 
and  will  serve  as  the  basis  for  future  orders.  The  results,  taken  as  a 
whole,  are  very  satisfactory,  and  demonstrate  the  ability  of  our  own 
manufacturers  to  equal,  if  not  excel,  the  best  results  attained  with  pow- 
ders in  Europe.  Great  praise  is  justly  due  to  Mr.  Eugene  Du  Pont,  for 
the  ability  and  skill  displayed  in  bringing,  after  such  few  trials,  this 
new  mode  of  manufacture  to  so  successful  an  issue.  It  is  understood  that 
the  English  Government,  after  experimenting  on  the  production  of 
brown  powder,  finally  purchased  the  secret  of  its  manufacture  from  the 
German  manufacturers  at  a  price  of  £25,000. 

Breech-loading  Devices. 

The  6.5inch  gun  fitted  with  the  Mann  breech  mechanism  was  tested 
and  reported  on  last  year.  (See  Appendix  23,  Report  of  Chief  of  Ord- 
nance, 1884.)  The  other  gun,  fitted  with  the  Yates  breech  mechanism, 
has  been  in  the  hands  of  the  Board  for  Testing  Rifled  Cannon,  &c.,  since 
last  February.  Owing,  however,  to  repeated  changes  made  to  facilitate 
the  operation  and  fitting  of  the  parts,  up  to  date  only  sixteen  rounds 
have  been  fired.    A  progress  report  on  the  test  of  this  gun  is  contained 

in  Appendix  48. 

The  Multicharge  Gun. 

This  gun  was  disabled  last  year,  at  the  33d  round,  by  the  failure  of 
the  steel  tube — a  crack  being  developed  that  extended  from  the  muzzle 
nearly  to  the  front  pocket.  The  gun  was  placed  in  a  serviceable  condi- 
tion, however,  by  the  application,  under  shrinkage,  of  steel  hoops  to  the 
ehai»e,  and  on  December  10,  1884,  the  trials  were  resumed  under  the 
personal  supervision  of  Mr.  Haskell.  The  firings  were  continued  uptil 
the  53d  round,  when  the  cast-iron  casing  of  the  gun  gave  way,  cracking 
lengthwise  in  a  line  connecting  the  first  and  third  loading  holes.  The 
effect  of  this  rupture  was  to  permanently  disable  the  gun  from  further 
firing,  and  it  was  accordingly  laid  aside.  The  additional  firing  record 
of  this  gan  is  contained  in  Appendix  21. 


XXII         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Obturating  Primers. 

Primers  of  this  class,  both  friction  and  electric,  have  been  made  and 
tested  during  the  year,  with  fairly  satisfactory  results,  at  least  with  the 
friction  primers;  some  slight  modifications,  however,  seem  yet  to  be. 
desirable,  and  before  manufacturing  for  issue  to  the  service  some  addi- 
tional tests  have  been  directed. 

Migh  Explosives, 

A  considerable  number  of  devices,  involving  the  use  of  high  explo- 
sives in  projectiles,  have  been  tested  during  the  year — see  appendices 
9,  10,  and  II.  The  experiments  undertaken  by  the  Ordnance  Board 
have  demonstrated  the  n<»cessity  of  substituting  for  the  ordinary  ex- 
plosive gelatine,  heretofore  used  in  their  experiments,  a  camphorated 
variety,  which  shall  prove  less  sensitive  and  more  uniform  in  its  action. 

STEEL   SIEGE   B.   L.   RIFLE. 

Under  instructions  from  the  Department,  the  Ordnance  Board  made 
a  study,  and  submitted  a  [)lan  of  a  steel  siege  gun.  The  caliber  se- 
lected was  o  inches,  the  length  of  bore  30  calibers,  and  the  weight  3,500 
pounds,  the  breech  fermature  being  the  iuterrui)ted  screw.  The  gen- 
eral design  of  the  gnn  was  similar  to  that  of  the  3.2  inch  field  gun — see 
appendix  22.  On  the  recommendation  of  the  Commanding  Officer, 
Watertown  Arsenal,  Mnjor  Parker,  to  whom  the  plan  was,  by  request 
of  the  Board  referred  for  suggestions,  some  modification  has  been  made 
in  the  original  plan,  and  approved  by  the  Department,  namely  :  the 
jacket  has  been  extended  forward  and  under  the  trunnion  hoop;  the 
length  of  bore  has  been  reduced  to  27  calibers,  which  is  as  long  as  the 
bore  of  any  existing  siege  gun,  and  the  walls  of  the  chase  made  some- 
what thicker  to  give  greater  stiffness;  the  maximum  diameter  is  main- 
tained over  the  entire  breech  portion.  These  modifications  have  in- 
creased the  weight  to  about  3,700  pounds. 

A  contrai't  has  been  entered  into  with  the  Midvale  Steel  Company 
for  furnishing  the  forgings  for  this  gun,  which  are  to  be  oil-tempered 
and  annealed  steel,  the  prescribed  qualities  for  the  tube,  jacket,  and 
trunnion-hoop,  as  determined  from  test  of  tangential  specimens  2  inches 
long,  to  be  as  follows  : 

1  I 

I  :  Trunnion- 

I    Tube.     I  Jacket.  ,     huop. 

I  I 

Elastic  limit ...  poiiDds..        42,000  '       50.000  48, OM 

T«*n8il««8tiensrtb  ponmU  .'      8i<,0(K)  I      95.000  95,000 

Elou^atiuD  arter  mptnre per  ceo t  .  20  18  IS 

•this  gun  will  be  manufactured  at  the  Watertown  Arsenal. 

STEEL   FIELD   B.    L.   RIFLE. 

The  trial  of  the  3.2-inch  B.  L.  steel  gun,  designed  by  the  Ordnance 
Board  for  the  field  service,  has  been  continued  and  completed  during 
the  past  year  by  the  Board  for  Testing   Rified  Cannon,  &c.    The  guQ 
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has  been  fired  1,556  rounds  since  the  date  of  my  last  annual  report — or 
1,800  rounds  in  all.  It  is  still  in  serviceable  condition,  and  in  the  opinion 
of  the  Board  has  fulfilled  the  requirements  of  the  law  to  the  satisfaction 
of  the  Board,  in  that  ^Mt  has  been  subjected  to  the  proi)er  test,  includ- 
ing such  rapid  firing  as  a  like  gun  would  be  likely  to  be  subjected  to 
in  actual  battle,  for  the  determination  of  the  endurance  of  the  same.'' 
The  Board  accordingly  recommends  that  this  gun,  or  its  modification , 
which  is  a  slightly  heavier  model,  is  a  suitable  one  **to  be  put  to  use  in 
the  Government  service."  The  full  details  of  the  very  complete  and 
careful  trial  of  the  gun  are  contained  in  the  report  of  the  board.  See 
Appendix  49.  The  piece  has  shown  a  satisfactory  endurance,  extent 
of  range,  and  accuracy  of  fire,  whilst  the  working  of  the  breech  mech- 
anism has  been  almost  unexceptionable.  The  following  extracts,  taken 
from  the  report  of  the  Board,  are  int-erestiug  and  suggestive  of  the 
character  of  the  gun  : 

Pressures^  velocities^  and  recoils. 


Xind  of  powder. 


IK 

D.  1. 225. 
Gr.  220  . 
L.X.  A  . 
D.  1.706. 
Gr.  270  . 
L.  X.  B. 
D  1.706. 
Gr.  270. . 


Weight 
of  charge. 


Pounds. 
3.5 

3.5 

3.75 

3.75 


Weight  of 
projectile. 


Pressure  per  | 
Velocity  !  B()uare  inch  .  •p_-_{i 
at  100  feet,  j    of  powder      «®coii. 
chamber. 


I 


Pounds. 
13 

13 
13 
13 


Feet. 
1.648 

1,581 
1,740 
1,749 


Pounds. 
30, 837 

28.929 
34,600 
35.  083 


Feet. 
10.08 

10.0 


Remark*. 


Gun  cold. 
Gun  hot. 


The  maximum  charge  fired  was  3.75  pounds,  and  the  maximum  veloc- 
ity attained  1,749  feet ;  the  maximum  pressure  to  which  the  gun  has 
been  subjected  is  37,250  pounds. 

The  mean  range  with  an  elevation  cf  20^  was  6,479  yards,  with  a 
mean  deflection  to  the  right  of  95.6  yards. 

At  a  range  of  one  mile  the  mean  deviation  was  from  2.40  to  3.77  feet. 

The  rapidity  of  fire  was,  taking  an  average  of  more  than  900  rounds, 
about  70  rounds  per  hour;  the  maximum  and  minimum  rapidity, tak- 
ing not  less  than  46  consecutive  rounds,  were  as  follows  : 

Maximum — 46  rounds  in  26  minutes,  or  a  rate  of  120  rounds  per  hour. 

Minimum — 50  rounds  in  79  minutes,  or  a  rate  of  38  rounds  per  hour. 

In  the  comparative  trials  made  by  the  Commission  of  Belgrade,  for 
the  Servian  Government,  with  a  Krupp  3.3inch  gun,  of  the  Dutch 
model,  1882,  and  a  De  Bange  3.15inch  gun,  model  of  the  French  artil- 
lery, the  rapidity  of  fire  was  as  follows  : 

For  the  Krupp  3.3inch  gun,  30  rounds  in  34  minutes,  or  a  rate  of 
about  53  rounds  per  hour. 

For  the  De  Bange  3.15-ineh  gun,  30  rounds  in  22  minutes,  or  a  rate 
of  82  rounds  per  hour. 

(See  ^^Revue  cPArtillerie^^^  January,  1885.) 
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It  was  also  noted  that  after  a  rapid  fire  of  100  ronnds,  executed  in  90 
minutes,  or  at  the  rate  of  66  rounds  per  hour,  the  teniperatore  of  the 
chase  of  the  gnn  near  muzzle  was  370^  F. 

The  maximum  enlargement  of  the  chamber  after  1,800  rounds  was 
.042  inch  on  the  diameter,  but  no  sensible  enlargement  occured  after 
the  315th  round. 

The  maximum  enlargement  of  the  rifled  portion  of  the  bore  was  fh)m 
.03  inch  on  the  diameter  at  70  inches  from  the  mnzzle,  to  .008  inch  at  the 
muzzle;  these  enlargements  were  produced  gradually  and  regularly  with 
the  firing  of  the  gun. 

The  dilierence  in  diameter  of  bore  as  between  the  gun  w^hen  cold  and 
heated  from  firing  was  from  .004-inch  to  .008-inch. 

During  the  firing  the  i)iece  required  to  be  revented  several  times. 

The  steel  field  carriage  developed  a  weak  point  in  the  side  or  cheek- 
plates,  the  angle  iron  riveted  to  the  under  side  of  the  cheeks  was  broken, 
and  the  cheeks  became  distorted.  This  carriage  was  accordingly  with- 
drawn. Thecheek-i)lates  are  now  being  remodeled  so  as  tooffer  a  greater 
resistance. 

The  original  design  of  this  field  gun  has  been  subjected  to  some  slight 
modifications,  consisting  mainly  in  the  substitution  of  straight  for  curved 
lines  over  the  breech  portion  and  adding  in  other  parts  a  little  to  the 
weight. 

The  Department  has  contracted  with  the  Midvale  Steel  Company  for 
the  forgings  for  25  of  these  field  guns,  20  of  which  are  to  be  manufact- 
ured at  the  West  Point  Foundry,  and  the  remaining  5  at  the  Watertown 
Arsenal.  The  forgings  for  the  tubes  are  to  be  oil- tempered  and  annealed, 
instead  of  being  annealed  simply,  as  was  the  case  with  the  tube  for  the 
present  gun,  and  the  trunnion-hoops  aie  to  be  forged  instead  of  being 
cast.  These  forgings  are  required  to  fulfill  the  following  conditions  as,to 
physical  qualities,  the  test  specimens  being  taken  tangeutially  and  of 
2  inches  length  between  shoulders: 


Tabe.       J«ket.  Tn^on- 


Elastic  limit poiiDda..       42.0(K)        50,000  48,000 

Tensile  stroD^ do..  88,000  i      05,000-       95,000 

EloDKatiou  alter  rupture percent...  20'  18;  15 

I  I 

A  number  of  the  tubes,  jackets,  and  other  parts  have  already  been 
delivered,  and  accepted  as  fully  confornung  to  the  contract  require- 
ments. 

It  is  expected  that  the  25  guns  will  be  com]>leted  early  next  spring. 

MACHINE   GUNS. 

Under  the  appropriation  for  this  i)urpose  the  Department  hsm  taken 
steps  to  procure  a  number  of  Hotchkiss,  Gardner,  and  Gatling  gnus,  for 
issue  to  the  service. 
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I  have  the  honor  to  submit  the  following  papers,  heretofore  referred 
to : 

Appendix  1. — Statement  of  principal  articles  procured  by  fabrication 
during  the  year  ended  June  30, 1885. 

Appefidix  2. — Statement  of  principal  articles  procured  by  purchase 
during  the  year  ended  June  30,  1885. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  including  the  national  homes  for  soldiers  of 
the  volunteer  and  regular  Army,  and  exclusive  of  the  militia,  during 
the  year  ended  June  30,  1885. 

Appendix  4. — Apportionment  for  the  fiscal  year  ending  June  30, 1886, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667,  Eevised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  trom  July  1,  1884,  to  June  30,  1885,  under  section  1667, 
Revised  Statutes. 

Appendix  6. — Statement  of  arms,  ammunition,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon  from  July  1,  1884,  to  June  30, 
1885,  under  the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June 
7,  1878,  and  the  act  of  May  16,  1878. 

Appendix  7. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  colleges  from  July  1,  1884,  to  June  30, 1885,  under  section  1225,  Re- 
vised Statutes. 

Appendix  8. — Report  of  action  taken  during  the  year  ended  June  30, 
1885,  under  the  provisions  of  the  act  approved  March  3, 1881. 
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Appendix  9. — Test  of  6-inch  shells  fired  by  the  Dynamite  Projectile 

Company.    (1  plate.) 
Appendix  10. — ^Test  of  15-inch  gun  carriage  altered  at  Watertown 

Arsenal. 

Appendix  11. — ^Thayer's  dirrigible  balloon.    (5  plates.) 
Appendix  12. — Buckner's  aerial  drop  for  explosives.     (1  plate.) 
Appendix  13. — Firings  with  Hotchkiss  mountain  gun.     (2  plates.) 
Appendix  14. — Trial  of  banded  8inch  projectiles  (experimental).     (7 

plates.) 
Appendix  15. — Winslow's  nitro-glycerine  shells.    (I  plate.) 
Appendix  16. — Garrick's  mortar  and  projectile  for  high  explosives. 
Appendix  17. — ^Trial  of  shells  charged  with  explosive  gelatine.    (1 

plate.) 
Appendix  18. — ^Trial  of  Gardner  machine  guns.     (4  plates.) 
Appendix  19. — Preliminary  trial  of  the  12-iuch  rilled  mortar.   (1  plate.) 
Appendix  20. — Progress  report  on  the  trial  of  the  12-inch  cast-iion 

breech -loading  rifle. 
Appendix  21. — Final  firing  and  rupture  of  the  6-inch  multicharge  gun. 

(2  plates.) 
Appendix  22. — ^Data  for  constructing  5-inch  siege  gun.    (1  platA^A 
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ORDNANCE   CONSTRUCTION. 

Appetkdix  23.— Construction  report  of  the  cast-iron  body  for  the  10- 
inch  wire-wrapped  breech-loading  rifle. 

Appendix  2L — ^Construction  report  of  12  inch  cast-iron  breech- loading 
rifle.     (1  plate.) 

Appendix  25. — Construction  report  of  12  inch  cast-iron  rifled  mortar 
hooped  with  steel.    (5  plates.) 

Appendix  20. — Report  on  experimental  cylinder  from  the  12-inch  rifled 
mortar. 

Appendix  27. — Keport  on  an  experimental  compound  gun  cylinder, 
from  "inch  steel  rifle.    (4  plates.) 

Appendix  28. — Report  on  experimental  cylinder  from  the  12-inch  cast- 
iron  breech-loading  rifle. 

Appendix  29. — Analysis  of  results  from  experimental  cylinder  repre- 
senting a  section  of  12  inch  breech -loading  rifle,  hooped  and  tubed. 

Appendix  30. — Experiments  with  molten  cast-iron  in  contact  with  oil- 
tempered  steel.     (1  plate.) 

Appendix  31. — Subjecting  oil-tempered  steel  to  a  high  furnace  heat. 
(2  plates.) 

Appendix  32. — Annual   report  of  Inspector  of  Ordnance  at   South 
Boston  Iron  Works.     (1  plate.) 

Appendix  33. — Computation  of  shrinkages,  &c.,  for  8  inch  steel  rifle. 
(1  plate.) 

Appendix  34. — Tables  of  forgings  for  8, 10, 12,  and  16-inch  steel  guns. 

Appendix  35. — Proposed  12inch  and  IG-inch  breech  loading  steel  rifles. 
(1  plate.) 

Appendix  36. — Inspection  report  of  8-inch,   experimental,   banded 
cored  shot. 

Appendix  37. — Insi)ectiou  report  of  8-inch  Hotchkiss,  banded,  cored 
shot.     (2  plates.) 

Appendix  38. — Manufacture  of  8-inch  chilled  projectiles. 

Appendix  39. — Inspection  report  of  12-inch  mortar  shells  and  sabots. 

Appendix  40. — Packing  cases  for  heavy  projectiles.     (2  plates.) 

Appendix  41. — Inspection  report  of  8  and  10  inch  shot  for  breech- 
loaders.    (1  plate.) 

Appendix  42. — Reconstruction  of  converted  8inch  rifle,  No.  QS,  breeck 
insertion. 

Appendix  43. — Wire  drawing  from  steel  billets  at  Trenton  Iron  Works. 

Appendix  44. — Progress  of  work  at  Mid  vale  Steel  Works. 

Appendix  45. — Converting  cast-iron  guns  into  8  inch  rifles  with  steel 
tubes.     (1  plate.) 

Appendix  46. — Cold  rolling  steel  bars  for  Woodbridge  gun.   (2  plates.) 

Appendix  47. — Manufacture  of  steel  gun  wire  at  Trenton  Iron  Works. 
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REPORTS  OF  THE  BOARD  FOR  TESTING  RIFLED  CANNON  APPOINTED 

UNDER  THE  ACT  OP  JULY  5,  1884. 

Appendix  48. — Progress  report  on  the  8-inch  Yates  breech-loading 
rifle. 

Appendix  49. — Report  of  trial  of  3.2-inch  breech-loading  steel  rifle. 
(3  plates.) 

MISCELLANEOUS    REPORTS. 

Appendix  50. — Report  of  the  principal  operations  at  the  United  States 
Powder  Depot,  Dover,  N.  J.,  during  the  fiscal  year  ended  June  30,  1885. 
(2  plates.) 

Appendix  51. — Report  of  the  principal  operations  at  the  Rock  Island 
Arsenal,  Illinois,  during  the  fiscal  year  ended  June  30, 1885.     (8  plates.) 
Appendix  52. — Method  of  sighting  8  inch  rifles.     (1  plate.) 
Appendix  53. — Report  on  the  pole  lift  for  field  artillery  carriages.     (1 
plate.) 

Appendix  54 — Experimental  carriage  and  ammunition  cart  for  Gat- 
ling  guns.    (3  plates.) 

Appendix  55. — Saddle  carriage  for  Hotchkiss  Mountain  gun.   (1  plate.) 
Appendix  56. — Metallic  limbers  for  3.2-inch  field  carriages.    (6  plates.) 
Appendix  57. — Metallic  carriages  for  3.2-inch  steel  gun.     (1  plate.) 
Appendix  58. — Metallic  caisson  and  battery  wagon  for  field  service, 
and  wagon  for  ammunition  column.     (5  plates.) 
Appendix  59. — Artillery  machines.    (1  plate.) 
Appendix  60. — Metallic  carriages  for  Gatling  guns.    (6  plates.) 
Appendix  61. — Showing  the  Stations  and  duties  of  the  officers  of  the 
Ordnance  Department. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BBNfiT, 
Brigadier- General,  Chief  of  Ordnance. 

To  the  Hon.  Secretary  op  War. 
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Statement  of  principal  articles  procured  by  fabrication  during  the  ^fiscal 

year  ended  June  30,  1885. 

Glass  II. 

35  gun  carriages  for  Life-Saving  Service. 

20  metallic  carriages  and  limbers  for  Gatling  guns. 

1  field  caisson  and  limber. 

1  battery  wagon  and  limber. 

4  metallic  limbers  for  3.2-inch  rifle. 

7  carriages  and  chassis  for  15-inch  gun. 

1  '^Brewers"  carriage  and  chassis  for  15-inch  gun. 

1  "Timbys^  carriage  and  chassis  for  15  inch  gun. 

3  carriages  and  chassis  for  11-inch  rifle. 

6  barbette  carriages  and  chassis  for  8-inch  rifle. 

2  casemate  carriages  and  chassis  for  8-inch  rifle. 

Class  III. 

3  breech-sights  for  Hotchkiss  mountain  guns. 

4  breech-sights  for  Hotchkiss  revolving  cannon. 

7  breech-sights  for  3.2-inch  rifles. 

2  breech-sights  for  12-pounder  mountain  howitzer. 

50  breech-sights  for  8-inch  rifles. 

10  iron  water  buckets. 

15  maneuvering  bars. 

6  elevating  bars  for  15-inch  gun. 

6  elevating  arcs  and  indices  for  8inch  rifles. 

2  fuze  blocks. 

4  fuze  plug  wrenches. 

16  gunners'  gimlets. 
12  gunners'  pincers. 

4  gun  covers  for  Gatling  guns. 

1  gun  cover  for  12pounder  mountain  howitzer. 

35  gunners'  haversacks  for  Eevenue  Marine  Service. 

3  handspikes. 

232  sets  artillery  harness  for  2- wheel  horses. 

150  sets  artillery  harness  for  2-lead  horses. 

34  harness  sacks. 
50  lanyards. 

93  muzzle  or  front  sights. 

70  powder  measures. 

57  priming  wires. 

1  pouch  for  sights. 

35  quoins  for  Life-Saving  Service. 

1 
4625  OBD 1 
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20  oilers  for  Gatling  gun  carriages. 

3  plnmmets. 

100  securiug  stakes. 

2  pendulum  bansses  for  12-pounder  guns. 

2  shot  carriers. 

48  8ponp:e  covers  for  3iucb  rifles. 

4  sponge  covers  tor  12-pounder  gans. 

35  sponge  covers  for  2J-inch  life-saving  guns. 

1  sponge  and  rammer  for  Hotchkiss  mountain  gun. 
16  sponges  and  rammers  for  12pounder  mountain  howi 

12  sponges  and  rammers  for  12-pounder  guns. 
148  sponges  and  rammers  for  3-incli  guns. 

35  sponges  and  rammers  for  2^-inch  life-saving  guns. 

6  thumbstalls. 

126  tompions  for  3incb  rifles. 

2  tompions  for  3.2-incb  rifles. 
124  tompions  for  12pounder  guns. 

7  tompions  for  lOinch  rifles. 

13  pendulum  bausse  pouches. 
600  vent  gimlets. 

114  vent  covers. 

600  vent  punches. 

29  vent  pieces. 

32  wipers  for  mortars. 

35  wipers  for  2^inch  life-saving  guns. 

2  water  tubs. 

4  worms  and  staves  for  3inch  rifles. 

2  worms  and  staves  for  12-pounder  guns. 

Class  IV. 

522  3-inch  Eureka  shot. 

979  4.2'inch  Eureka  shot. 

30  8  inch  shot. 

522  3-inch  Eureka  shells. 

2,465  3.2-iuch  shells. 

1, 500  3.2-iuch  case  shot. 

Class  V. 

13  3.2-inch  wire  canister. 

7  8-inch  service  canister. 

9  8-inch  choke  canister. 

Class  VI. 

37, 557  Springfield  rifles,  caliber  .45. 

100  officers'  rifles,  caliber  .45. 

2, 500  Springfleld  cadet  rifles,  caliber  .45. 

500  Springfield  shotguns. 

500  officers'  swords. 

5, 000  hunting  knives. 

Class  VII. 

ARTILLERY  ACCOUTERMENTS. 

11  knapsacks  for  light  batteries. 
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CAVALRY  ACOOUTBRMENTS. 

• 

4, 500  carbine  slings, 

2,  600  saber  belts. 

84  saber-belt  })IateH. 

INFANTRY  EQUIPMENTS. 

5, 900  bayonet  scabbard. 

10, 237  bayonet  scabbard  bodies. 

10, 135  blanket  bags. 

10, 135  blanket-bag  shoulder  straps. 

10, 925  pairs  coat  straps. 

9, 049  cartridge  boxes,  pattern  1874,  McKcever. 

200  cartridge  boxes,  caliber  .46,  with  wood  blocks. 

11, 600  canteens. 

9, 650  canteen  straps.  ^ 

1, 250  cartridge-belt  plates. 

222  frogs,  sliding. 

15, 2H9  gunslings. 

8, 925  haversacks. 

6, 800  haversack-straps. 

5, 000  hunting  knife  scabbards. 

470  meat  cans. 

750  magazine  belts  for  Lee  rifle. 

100  officers'  sword  belts. 

12  shoulder  belts  and  plates. 

30  sheaths  for  intrenching  tools. 

4, 945  tin  cups. 

3, 301  waist  belts. 

2, 421  waist-belt  plates. 

6. 455  waist  belts  and  plates. 

750  waist  belts,  black  leather. 

APPENDAGES. 

33, 000  headless  shell  extractors. 

11,  720  front  sight  covers  for  rifles  and  carbines. 

28, 766  screw-drivers. 

18, 650  wooden  wiping-rods. 

HORSE  EQUIPMENTS. 

4,  701  bridles,  curb,  cavalry. 

1,  021  bridles,  watering. 
5, 061  bits,  curb,  cavalry. 

2,  783  cinchas,  or  hair  girths. 
10, 180  curry  combs. 

1,001  halters  and  straps. 

7,271  horse  brushes. 

500  horse  covers. 

1,000  lariats. 

2,000  saddles,  cavalry,  leather  covered. 

65  saddle  cloths,  hair. 

5,300  spur  straps. 

34  brush  and  shoe  pouches. 
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Class  VIII. 

33,496  blauk  cartridges,  3iDch  gUD. 

4,463  blank  cartridges,  6pounder  gun. 

6,800  blank  cartridges,  i  poand. 

1,730  blank  cartridges,  1  poand. 

2,000  blank  cartridges,  2  poand. 

9,125  blank  cartridges,  12-poander  moautain  howitzer. 

28,005  blank  cartridges,  12-poander  gun,  light. 

300  blank  cartridges,  12-poander  gun,  heavy. 

60  blauk  cartridges,  3.2-inch  gun. 

3,301,187  rifle,  ball  cartridges,  caliber  .45,  reloading. 

848,520  rifle  and  carbine  blank  cartridges,  caliber  .45,  reloading. 

1,763  rifle  ball  cartridges,  caliber  .45,  experimental. 

1,619,626  carbine  ball  cartridges,  caliber  .45. 

863,608  revolver  ball  cartridges,  caliber  .45,  reloading. 

141,310  revolver  blank  cartridges,  caliber  .45,  reloading. 

6,490,960  rifle  bullets,  caliber  .45,  500  grains. 

1,980,413  carbine  bullets  caliber  .45,  405  grains. 

1,868,000  round  balls,  caliber  .45. 

300,000  revolver  bullets,  caliber  .45. 

100  paper  fuzes,  5  seconds  to  the  inch. 

100  paper  fuzes,  8  seconds  to  the  inch. 

100  paper  fuzes,  12  seconds  to  the  inch. 

100  paper  fuzes,  15  seconds  to  the  inch. 

200  paper  fuzes,  20  seconds  to  the  inch. 

100  paper  fuzes,  25  seconds  to  the  inch. 

43  metallic  time  fuzes. 

209,800  friction  primers. 

5,150  electric  primers  for  cannon. 

20  Krupp's  cannon  primers. 

75  friction  obturating  primers. 

Class  IX. 

300  blocks. 

22  half-blocks. 

28  quarter-blocks. 

3  snatch  blocks. 

2  capstans. 

8  capstan  bars. 
2  gun  chocks. 

54  roller  chocks. 

1  gan  collar. 

1  cradle^for  heavy  guns. 

5  gin  falls. 

10  handspikes,  gin. 

14  rollers,  long. 

12  rollers,  short. 

30  shifting  planks. 

38  skids. 

7  sling  chains. 

1  sliug-cart,  small. 

1  trunnion  loop. 

2  platforms  for  mortars. 

9  platforms  for  siege  carriages. 
60  Elliott's  intrenching  tools. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

30  trestles  for  siege  mortars. 

1  gun- lift  for  15-iuch  gun. 

1  implement  and  tool  cart. 

1  Sanger's  gun  shield. 

10  marking  outfits. 

30, 000  marksmen's  buttons. 

7,  650  marksmen's  pins. 

4, 000  sharpshooters  badges. 

60  leather  bags  for  intrenching  implements. 

1  trace  r<^e. 

1  tripod,  sighting. 
63  disks. 

19,  064, 000  pasters  for  targets. 

417  signal  flags. 

120  shot  marks. 

263  streamers  for  rifle  range. 

166  targets,  Laidley,  revolving. 

2  targets,  Brinten. 
30  targets,  Gushing. 

1  target,  Lancaster. 

1  target,  Texas. 

61, 600  paper  targets. 

1,  672  target  frames. 

1  plane  table.  ^ 

RELOADING  TOOLS. 

12  adjustable  chargers,  Michaelis. 

100  chargers. 

415  relos^ing  dies. 

499  resizing  dies. 

280  priming  tools. 

1  primer  punch. 

405  combination  anvils. 

135  drifts. 

265  funnels. 

478  reloading  punches. 

294  resizing  punches. 

201  shell  scrapers. 

200  wiping  rods. 

Class  X. 

1  metal  ammunition  chest. 

1  shaft  for  Laidley  cavalry  forge. 

6  poles  for  artillery  carriages. 

4  middle  rails  for  field  caissons. 

4  brass  boxes  for  15- inch  carriages. 

16  bolts  and  nuts  for  15inch  carriages. 

3  cylinder  straps  for  15-inch  carriages. 
8  forks  for  field  limbers. 

6  foot  boards  for  field  limbers. 

8  hounds  for  foot  limbers. 

80  trunnion  rings,  eccentric  for  8-inch  B.L.  rifle 

8  shoes  for  No.  1  wheels. 

74  collars. 

62  leg  guards. 
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6  breast  straps. 

24  collar  pads. 

1  seat  (front  sight)  for  3.2-incli  gun. 

1  thumbscrew  for  rear-sight  of  Hotchkiss  gun. 

12  splinter  bar  traces. 

12  rammer  heads  for  30-pounder  Parrott. 

115  woolen  sponges  for  3-inch  rifled  guns.  • 

20  woolen  sponges  for  12-pounder  mountain  howitzer. 

12  woolen  sponges  for  8-inch  rifle. 

6  woolen  sponges  for  15-inch  guns. 

600  copper  bands  for  3.2-iuch  shells. 

100  bushings  for  4.5-inch  Butlei  shells. 

SPARE  PARTS   OF   SPRINGFIELD   RIFLE   AND   CARBINE,  VIZ 


? 


2124  stocks  (wood  part)  Springfield  rifle. 

171  tips. 

169  tip  screws. 

1,  950  ramrod  stops. 

464  band  springs. 

490  side-screw  washers. 

308  butt  plates. 

850  butt-plate  screws. 

153  butt-plate  covers. 

204  cover-springs. 

35  cover-spring  screws. 

128  cover-friction  springs. 

200  cover-stud  pins. 

420  guard  plates. 

238  guard  bows. 

643  guardbow  swivels. 

780  guard-bow  swivel  screws. 

304  guard-bow  nuts. 

11, 278  triggers. 

994  trigger  screws. 

1, 055  guard  screws. 

4, 748  rear-sight  bases. 

2, 962  rear-sight  base  springs. 

1, 288  rear-sight  base  screws. 

2, 005  rear-sight  leaves. 

308  rear-sight  slides,  complete. 

1, 068  rear-sight  slide  plates, 

1, 468  rear-sight  f  lide  blocks. 

4, 619  rear-sight  slide  springs. 

2, 034  rear- sight  slide  screws. 

182  rear-sight  centering  pins. 

524  rear-sight  joint  pins. 

3,  747  rear-sight  buckhorn  plates. 

2, 679  rear-sights,  complete. 

47  barrels,  complete. 

5, 795  extractors. 

2, 582  hinge  pins. 

4, 175  ejector  springs. 

894  ejector-spring  spindles. 

972  ejector  studs. 

61  cam  latches. 
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494  breechblock  caps. 

370  thumb  pieces. 

1  breech  block. 

121  breech-block  cap  screws. 

10, 519  firing  pins. 

2y  713  firing-pin  screws. 

1, 953  cam-latch  springs. 

53  breech  screws. 

1, 320  front  sights. 

1, 232  front -sight  rivets. 

1,643  tang  sciews. 

183  bands,  npper. 

200  band  swivels. 

14  band-swivel  pins. 

645  bands,  lower. 

187  lock  plates. 

510  main  springs. 

369  main-spring  swivels. 

582  main-spring  swivel  rivets. 

449  hammers. 

3, 935  tumblers. 

1, 291  tumbler  screws. 

594  bridles. 

2, 291  bridle  screws. 

2, 587  sears. 

2, 473  sear  screws. 

359  sear  springs. 

1, 486  sear-spring  screws. 

101  locks,  complete. 

1, 243  side  screws. 

1,570  ramrods. 

366  bayonet  clasps. 

348  bayonet-clasp  screws. 

1,  688  bayonets,  complete. 

100  swivel  bases. 

100  swivel  bars. 

2  swivels,  complete. 
181  stocks,  complete. 

87  band  gun-sling  swivels. 

52  band  stacking  swivels. 

2  bands  for  officers'  swords. 

1  blade  for  officer's  sword. 

1  hilt  for  officer's  sword. 

2  scabbard  tips  for  officers'  swords. 

4  scabbard  tip  screws  for  officers'  swords. 

50  guards  for  cavalry  officers'  sabers. 

100  broad  sword  blades,  wood. 

3, 039  pistol  grips. 

2»j3  pistol-grip  screws. 

200  rod  bayonet  springs. 

600  rear-sight  gibs. 

3  barrels  and  receivers  for  Springfield  shotgun. 
10  front  sights  for  Springfield  shotgun. 

1  bolt  for  Cha^ee-Reece  rifle. 

1  cartridge-lifting  spring  for  Ohafl:ee-Reece  rifle. 

10  ejector  springs  for  Chaffee-Beece  rifle. 
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10  extractors  for  ChaflFee-Reece  rifle. 

10  firing  pins  for  ChaflFee-Reece  rifle. 

20  main  springs  for  CbaflFee-Reece  rifle. 

19  extractors  for  Springfield  shotgun. 

2  stocks  (wood  part)  for  Springfield  shotgun. 

1,  012  firiugpin  springs. 

2, 000  buckles,  bar,  brass,  f  inch. 

10,  000  buckles,  wire,  brass,  f  inch. 

6,  467  canteen  covers. 

140  hooks,  brass,  for  canteen  straps. 

004  cartridge  blocks,  caliber  .45  "  R.  I.  M." 

80  thongs,  lacing  for  cartridge  belts. 

500  bridle  reins. 

894  cincha  straps. 

1,  000  curb  straps. 

5, 000  fasteners  for  side  lines. 

3,  036  foot  staples,  brass. 

271  girth  straps. 

4, 100  halter  straps. 

500  headstalls  for  bridles. 

10,  000  hooks,  double  S. 

50  hook  straps. 

1, 485  halters. 

498  girth  safes. 

100  loops  for  saber- belt  plates. 

2,  048  ovals,  guard-plate. 
300  rings,  iron,  2J  inch. 

6, 000  staples  for  rings. 

2, 000  stirrup  straps. 

70  slides,  brass,  with  hooks. 

50  saber  hooks  and  bands. 

16  staples  tor  valise  straps. 

1, 352  cartridge  bags,  ^  pound.  i 

20  cartridge  bags,  1  pound. 
520  cartridge  bags,  2  pounds. 

10, 854  cartridge  bags,  3inch  gun. 

6,500  cartridge  bags,  6-pounder  gun. 

300  cartridge  bags,  10-inch  Rodman  gun. 

31,850  cartridge  bags,  12-pounder  gun.    . 

2,450  cartridge  bags,  3.2-inch  breech-loading  chambered  rifle. 

16,000  cartridge  bags,  12-pounder  mountain  howitzer. 

200  cartridge  bags,  6.5-inch  Mann  rifle. 

19  cartridge  bag$,  12-inch  breech-loading  rifle. 

2,879,000  carbine  cartridge  wads. 

11,791,000  cartridge  primers. 

6,160  cartridge  shells,  rifle. 

20,000  cartridge  shells,  revolver. 

33,490  cartridge  shells,  shotgun. 

1,745  parts  of  Laidley  revolving  targets. 

43  parts  ol  Gushing  target. 

12  washers  for  reloading  punch. 

12  caps,  crimping  die. 

100  tools,  primer  box. 

1  plug,  gauging,  resizing  die. 

2  screws,  priming  tool  spindle. 

1  mallet  for  reloading  tools. 

2  poles  for  sling  cart. 
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MISCELLANEOUS. 


2,014 

arm  chests. 

4,602 

boxes,  packing. 

10 

boxes,  packing,  tin. 

321 

cans,  tin. 

1 

case,  office. 

201 

boxes  reloading  tool. 

100 

boxes,  paper. 

200 

bags  for  powder. 

1 

set  harness. 

16 

aprons,  smith8^ 

1 

block,  priming,  lead. 

296 

brushes. 

87 

bits,  assorted. 

50 

quarts  blacking  for  leather. 

1 

caliper. 

1 

cart. 

413 

chisels,  various. 

20 

clamps,  saddlers'. 

500 

chamois-skin  cases  for  swords. 

936 

disks,  pressure,  copper. 

377 

dies,  various. 

866 

drills. 

36 

cylinders,  crusher-gauge. 

600 

cylinders,  copper. 

115 

boxes  cleaning  material. 

5 

funnels. 

1,089 

files,  assorted. 

363 

files,  rotary. 

350 

pounds  fulminate  of  mercury. 

134 

gauges,  assorted. 

2 

gas-checks  (De  Bange). 

420 

pounds  grease,  wheel.  ' 

4 

gauges,  ring,  for  setting  star  gauge. 

2 

gauges,  ring,  for  projectiles. 

2 

arauges,  fuse  thread. 

1 

gauge,  expansion  caliber. 

2 

gauges,  pressure. 

10 

hammers. 

14 

horses,  saddlers'. 

158 

boxes,  ingredients  for  leather  blacking. 

80 

gallons  lacker. 

28 

mallets. 

1 

machine,  milling. 

1 

machine,  bullet-lubricating. 

1 

machine,  bullet-pressing. 

1 

machine,  cartridge-heading. 

1 

marker  for  cartridge  bags. 

1 

set  model  rifle-ball  cartridge,  caliber  .50. 

1 

model  rifle  bullet,  caliber  .50. 

3 

molds,  fuse  plug,  3.2^'  projectile. 

6 

molds,  lead  bar. 

10 

measures,  tin. 

1,554 

mills,  armorer's. 

104 

mandrels. 
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11  measuring  points,  star  gauge. 
2  mauls. 

7,  346  pounds  oil,  harness. 

4  punches,  assorted. 

171  pounds  paint,  black. 

1,  750  pounds  paint,  olive. 

2, 300  pounds  paint,  assorted. 

2  pounds  putty. 

10  plates,  wroughtiron. 

16  pans,  dust. 

5|  pounds  polish  for  leather. 

50  pounds  polishing  materials. 

482  racks,  arm,  portable. 

389  reamers. 

8  rods,  measuring,  adjustable. 

1  scale,  pressure. 

2  scrapers,  iron. 

14  pair  slippers,  magazine. 
10  sets  stamps,  figures. 

3  stamps,  seal. 
1  star  gauge. 

826  parts  of  stoves. 

10  ])ounds  scouring  materials. 

1  set  stencil  outfit. 

2  star-gauge  guides. 

2  scoops. 

3  stamps,  shell  and  flame. 
1  star-gauge  support. 

207  taps,  various. 

885  tools  for  current  service. 

1  set  fuse  tools. 

1  templet,  fuse. 

2  templets,  screw-thread  8inch  rifle. 
2  sets  tools,  crusher-gauge. 

1  set  tools,  obdurating  primer. 

2  onehorse  wagons. 
70  pounds  wax,  l3lack. 

8  wheelbarrows. 

1  wrench  and  tap  for  vent  piece. 

1  wire  inspecting  instrument. 

12  iron  posts  for  military  reservation. 
1  pair  pole  straps,  draught  harness. 

1  grindstone  frame. 

15  tree  guards. 

7  button  sticks. 

2  straps,  steel. 


Appendix  2. 


Statement  of  principal  articles  procured  by  purchase  during  the  fiscal  year 

ended  June  30,  1885. 

Class  I. 

1  8-inch,  Yates,  breech-loading  rifle,  converted. 

1  6^-inch,  Maun,  breech-loading  rifle,  converted. 

1  12-inch  rifled  mortar,  hooped  with  steel. 

32  Gatling  guns  (10  barrel),  caliber  .45. 

1  Hotchkiss  rapid  tiring  cannon,  57™™. 

Class  II. 
4    Ammunition  chests  for  Hotchkiss  rapid-firing  cannon,  S?"". 

Class  III. 

8  chocks,  15-inch  guu. 

14  buckets. 

20  feed-cases,  Gatling  gun,  caliber  .45. 

128  feed-magazines,  Gatling  guu,  caliber  .45. 

4  gun  scrapers. 

2  mortar  wipers. 

100    paulins  12  by  15  feet. 

8    pinch  bars. 
19    sight  seats  for  guns. 

Class  IV. 

300  15-inch  solid  shot. 

309  12  inch  cored  shot. 

308  12inch  mortar  shell. 

1,010  8-inch  Butler  shot. 

25  8-inch  Butler  shell. 

6  8-inch  steel  shot. 

223  8-inch  Hotchkiss  shot. 

4  8-inch  nitro- glycerine  shell. 

6  6-inch  dynamite  shell. 

600  steel  shell  for  Hotchkiss  rapid-firing  cannon,  57"*". 

500  empty  metallic  cases  for  Hotchkiss,  57™™  gun. 

8  glass  bottles  for  shell. 

Class  VI. 

550    Hotchkiss  magazine  rifles,  caliber  .45. 
750    Lee  magazine  rifles,  caliber  .45. 
2,000    Colt's  revolvers,  caliber  .45. 

11 


12  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Class  VII. 

2,119  saddle  blankets,  cavalry. 

16  currv  combs. 

4  horse  brushes. 

3, 550  seta  knives,  forks,  and  spoons. 

Class  VIII. 

1, 200    pounds  blasting  powder. 
10, 1795  pounds  brown  prismatic  powder. 
17, 100    pounds  hexagonal  powder. 


40,000 

pounds  mortar  powder. 

121, 500 

pounds  musket  powder. 

700 

pounds  square  powder. 

500,000 

rifle-ball  cartridges,  caliber  .50. 

115, 000 

rifle-ball  cartridges,  caliber  .45. 

20,000 

primed  shells,  caliber  .50. 

350 

Hotchkiss  base  fuzes. 

100,000 

lubricated  bullets. 

400 

paper  shells. 

112,000 

primers  for  cartridges. 

27, 150 

pounds  drop  shot. 

1, 152,  000 

wads. 

22 

feet  safety  fuze. 

Class  IX. 

8 

double  blocks. 

6 

single  blocks. 

5 

pulley  blocks. 

2 

quadruple  blocks. 

3 

tackle  blocks. 

5 

triple  blocks. 

1 

gin  fall. 

3 

gin  slings. 

6 

hydraulic  jacks. 

5 

lifting  jacks. 

24 

steel  pins  for  15inch  carriage. 

3 

sling  chains. 

44 

steel  wheels  for  15-inch  carriage. 

52 

steel  rollers  for  15inch  carriages. 

40 

white  oak  rollers. 

8 

iron  rollers. 

4 

gun  slings  (rope). 

Class  X. 

4,  464  bar  buckles. 

1894  pounds  escutcheon  pins. 

2, 208  halter  bolts. 

4, 452  halter  squares. 

11, 349  roller  buckles. 

6, 444  rings. 

8  saddle  trees. 

307  8  inch  Butler  sabots. 

200  12-inch  mortar  sabots. 

8,  670  spring  snaps. 
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8  pairs  stirrups. 

9,  709  gnu  stocks. 

500  tin  straps  for  sabots. 

80  wheels  for  artillery  carriages. 

4, 278  parts  of  Colt's  revolver. 

80  parts  of  Gatliug  gun. 

125  parts  of  Hotchkiss  gun. 

89  parts  of  Hotchkiss  magazine  rifle. 

105  parts  of  Lee  magazine  rifle. 

900  parts  of  Scofield,  Smith  &  Wesson  revolver. 

100  parts  of  rifles. 

30  parts  of  infantry  equipments. 
47  parts  of  gun  carriages. 

24  pintle-bolsters  for  seacoast  carriages. 

156  rubber  buffers  for  15-inch  carriages. 

20  gun  checks,  Mann  6^-inch  breech-loading  rifle. 

100  copper  bands,  Mann  G^inch  projectiles. 

1  set  loading  tools,  Hotchkiss  rapid-flring  cannon,  57"*"". 

10  bands,  12inch  Hotchkiss  shot. 

PART  SECOND:   CLOTH,  ROPE,  THREAD,  &C. 

132    yards  burlaps. 
32    yards  cloth,  oiled  and  enameled. 
6    yards  cloth,  woolen. 
12    yards  cloth,  rubber. 
62, 218^  yards  cotton  cloth. 

657    yards  cotton,  felt,  and  i)etersham. 
7 J  472    pounds  cotton  waste. 
1, 709f  pounds  cord  and  twine. 
1, 253    yards  <5ord  and  twine. 
12f  yards  canvas. 

31  yards  carpeting. 

51  yards  canton  flannel. 
328J  yards  flannel. 

2, 246  pounds  hair. 

105  pounds  marline. 

100  feet  marline. 

52  pounds  moss. 
20  yards  matting. 

145    pounds  oakum. 
10, 365f  pounds  rope. 

39    pounds  sewing  silk. 
36    spools  sewing  silk. 
100    yards  tape,  braid,  &c. 
1, 877f  pounds  thread. 
94    spools  thread. 
5    yards  ticking. 
112    towels. 
35    yards  toweling. 
36, 288    yards  webbing. 

34f  yards  window  shades. 

44  window  shades. 

45  pounds  yarn. 
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FORAOE. 

17, 551    poaads  barley. 
19,935    pounds  brau. 
391     bushels  com. 
28J  bairela  flour. ' 
22     bushels  grass-eeeil. 
9,405    poiiodH  grouud  feed. 
200, 641     pounds  hay. 
22, 634    poDodB  meal. 
8, 3493  bushels  oats. 
10    bushels  rye. 
20    bushels  salt. 
1, 510^  pounds  salt. 
88,545    pounds  straw. 

IBONUOHaBBT. 

6O3  pounds  babbitt  metal. 
36    bath-tubs  and  fixtures. 
606,340    pounds  I  and  cbanuel  beams. 
7    bells. 
22    btind-fasteners. 
3    boilers. 
7,761     bolts. 
127    pounds  bolts. 
5    pounds  brads. 
136    papers  brads. 
6IJ  pounds  brass  rods. 
62     li'f  t  brass  rode. 
2,801}  pounds  sheet  brass, 
100     buckles,  assorted. 
103J  pounds  burrs. 
536     buttons. 
3     sets  i'-antors. 
2, 507     pounds  bronze  and  braas  castings. 
99, 166    i>ouDds  iron  castings. 
70    iron  castings. 
3S4    pounds  steel  castings. 
2,260}  pounds  chain. 
6, 182    feet  chain. 

433    cocks,  assorted. 
14, 369J^  pounds  bar  copper. 
263,392}  pounds  cartridge  copper. 
15,  S33|  i)ounds  sheet  copper. 
42     couplings. 
1     set  couplings. 
97     door-catches  and  fixtures. 
19     escutcheons. 
30, 144     eyelets. 
397    gas  burners. 
614     f-iia  fixtures,  assorted. 

18     papers  glazier's  points. 
962     pennyweights  gold. 
1,480     pounds  grate-bars. 
1,186     pairs  hinges. 
1, 248     hooks,  assorted. 
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9,908     liorset^lines. 
625    pounds  liorseshoe  nails. 
28    ]iose  fittings. 
4, 471 J  pounds  lioop  iron. 

85^^ff  tons  pig  iron. 
6,471     poanda  alieet  iron. 
316,905    poamls  wrought  iron. 
108    keys. 

221     knclis,  assorted. 
4,589     iioiiiiilslt'ud 
1, 198     luL-kti.  iiHsorted. 
67.548j(  ponri.ls  M^nls. 
120    na\H,  aKsort«il. 
269     nats,  assorted. 
7,643    pounds  nuts,  assorted. 
16j  pounds  brass  pipe. 
42J  pounds  copper  ]>ipe. 
604J  l..jiiT.d.s  ir.ii.  i,i|.i.-. 
26,9191  Ifet  iron  pipe. 
6,382|  pnniids  It-ad  pipe. 
1, 550i  fV*'t  lead  i>ii)e. 

13     pounds  pipe  fltliuiis. 
4,392    jiipe  bllinyn,  a.s.sorted, 
3     pum|i»r 
221     pulleys. 
213    radiators. 

17  reducers. 

4, 5S6J  pounds  rivets,  assorted. 
6, 000    rivets,  assorted. 
1,263     pounds  rivets  and  burrs. 
110    rollers. 
659J  leet  iiu-tiillio  rope. 
640     pounds  sa.-di  weights. 
4,486}  gross  «f,rew«,  asaortetl. 
1,664     iserews,  (W8orte<l. 
110    jjross SKsreweyes,  &c. 
230j  ponitdsGi^iiiaii  silver. 
61,95''    pennyweights  silver. 
10    sinks. 
631J  pounds  solder. 
10,660    pounds  spikes. 
41}  pounds  springs. 

18  springs. 

736, 525|  pounds  bar  and  plate  steel. 
3,361     pounds  steel  forgings. 
16,216    pounds  sheet  steel. 
6    jiounds  staples. 
34     stajiles. 
3,117,041     tacks. 

237}  jwunds  tacks,  assorted. 

62,159^  pounds  block  tin. 

1,011}  pounds  tinl'oil. 

109|  boses  sheet  tin. 

2, 444    square  feet  tin. 

210}  pounds  tubing. 

12    feet  tubing. 
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199^  pouDds  washers. 

696  washers. 

171  water  closets  aod  fixtures. 

0, 036g  pounds  bra^s  wire. 

16, 807  pounds  copper  wire. 

500  feet  copper  wire. 

757^  feet  wire  cord. 

27|  pounds  Geimau  silver  wire. 

17, 456*  pounds  iron  wire. 

226|  feet  plalinum  wire. 

1,211  feet  wire  grating  and  netting. 

134J^  rtquiire  .vjirds  wire  clotU. 

6, 150|  pounds  steel  wire. 

1,764  ivire  IcTniles,  assorted. 

263  window  fixtures. 

2, 519  pounds  zinc. 

300  tin-can  screws. 

110  lightning  fixtures. 

LEATHER,  H1UB8,  IcC. 

1, 900  feet  belt  lacing. 

1,  642J  pounds  bristles. 

334|  pounds  black  wax. 

5  iiimiiils  ajiion  leather. 

9,016J  tV'tt  leather  belting. 

294  pouniLs  butV  leather. 

72, 725j(  Kijuare  feet  collar  leather. 

1, 076  sides  col  ar  leather. 

106J  pounds  bellows  leather 

2, 575  sides  bridle  leather 

32, 346^  pounds  harness  leather 

3, 210^  square  feet  bellows  leather. 

17  sides  lacL'  leather 

274^  pounds  lace  leather. 

350|  pounds  sole  leather. 

69  pounds  walrus  leather. 

Ho  feet  rubber  belting. 

5  sheep-skins. 

6  sides  horse-hide. 

LUMBER. 

880  feet  battens. 

862, 404  feet  boanls. 

96  feet  joists. 

148,400  laths. 

320,034  feet  plank. 

208  feet  [wsts  and  mils. 

350  itosts  and  rails. 

123,  726  feet  scantlinj,'. 

150,000  shingles. 

79,  )»93  feet  timber. 

BUILDING  UATEKIA.L 

M)  jtounds  asbestus. 

65J  square  feet  asbestus. 

166  loads  blocks  (stone). 
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99  yards  bordering  t>Ap3^- 

44  brackets. 

695, 100  bricks. 

1,  464  barrels  cement. 

88  fe».'t  ceiiwntpipe. 
48J  barrels  <!lay 

4, 60f4  baahels  clay. 

49  doors,  wood. 
18l>    dratu  pipes. 

4, 423  feet  drain  pipe. 

3, 118$  square  feet  llagging  stone. 

2, 106  feet  wiuduw  glass. 

4, 003  lights  window  glasB. 

64  londs  gravel. 

75  bashels  plaHteringhair. 

2  flightts  iron  stairs. 

1,9539  burreU  lime. 

1,538|  biisbelslime. 

214  loads  loam. 

8  iiianteU. 

2,049  feet  moldintr. 

33J  pounds  plaster  of  Paris. 

10  barrels  plaster  of  Paris. 
540J  cubic  yards  sand. 

2,  734  bushels  sand. 

7,  T82  square  feet  slate. 

576  slate. 

12, 186  cubic  yards  stone. 

],00()  fet^t  tiirred  pa|jer. 

728  ptuiniis  tarred  pajior. 

1, 524  tVf[  terra  ootta  pipe. 

44  terra  cotta  traps,  &C. 

1,  409J  feet  tiles. 

55  rolls  wall-paper. 

89  fe<'t  water  spouts. 
368  yards  weather  f<trips. 

50  pairs  window  blinds. 
103    pairs  window  sash. 

42     window  sash. 
53    feet  t>rowii  stone. 
36    barrels  stucw. 

HEATING,  LIOHTIHO,  &a 

30  bath  bricks. 

208  quarts  blacking  for  leather. 

1,212  brooms. 

2Ut  brashes,  dusting,  &c 

55  pounds  candles. 

127  pounds  card  clothing. 

277J  squiire  feet  card-clothing. 

24, 985  busbels  charcoal. 

39  barrels  charcoal. 

11  cbaudeliers. 
514  chamois  skiu.s. 

'2,886     tons  anthraeite  coal. 
4625  OED 2 
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2, 654    tons  bitumiDous  coal. 
124,900    poandscoke. 
4{f8    busbels  coke. 
3, 126    pouuds  corundnm. 
44'J    <!oruudiiiii  ami  emery  wheels. 
62    reauiN  croL'urt  inid  emery  cloth. 
920^  pouDds  emery. 
4^  reams  emery  paper. 

26  sets  flre-britik. 
12, 000     fire-bricks. 

316J  cords  fire-wood. 

30  grates. 

11, 775    pouuds  kaolin. 

27  lau  terns. 
2    lamps. 

307     lamp-tixtarca. 

96     lamp-wioke. 
- 15     pounds  lampwiok. 

33^  jrrofls  matches. 
4, 003    pounds  mineral  wool. 

16    mops  and  handles. 

44     I'OUTxIs  |):ir:ifljiie. 

16     pituLiTs,  jugs,  &c. 
113^  pounds  pumice  stone. 

7     registcfH. 
476^  pounds  rosin. 
688J  pounds  rotten-stone. 
9|  pouiidB  rubber  cement. 

83J  reams  sandpaper. 

51    cakes  sapolio. 
6, 037    pounds  sea  coal  facings. 
2, 138^  pounds  soap. 
63C    gallons  soft-soap. 
170^  pounds  sponge. 

16    stoves. 
215    parts  of  stoves. 

42    stove  fixtures. 

23     pupiii'H  stove  ))olisb. 
357J  feet  stove  pipe. 

69    pounds  stove  pipe. 

31  stove-pipe  elliowa. 

1, 198    feet  stcaiii-pipe  covering. 
623    papers  tripoli. 
4    -\^ash  stands  and  fixtures. 

MATEBIALS  FOB   OFFIGB  USE. 

14  baskets. 

338  sheets  blotters. 

2  blotter  baths. 

100  sheets  oil-boards. 

105  books  of  reference. 

2  book-cases. 

4, 875  cards,  assorted. 

200  sheets  card  boards. 

2  caligrapbB. 
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37  chairs,  stools,  &c. 

2  clocks. 

7  composilioii  rollers. 
1  desk. 

2, 000  dials  for  watch-clock. 

93  drawing  instruments. 
14  juiTis  drawirjg  paint. 

4  bottles  drawing  i>aint. 
20  electrotypes. 

77, 600  enrelopes. 

24  erasers. 

1  hektograph. 

30  pnmids  hektograph  compositioD. 

270  bottles  ink. 

907  pounds  printer's  iuk. 

6  pieces  Iiidiaink, 
i  bottles  Iiidiaink. 

23  inkstands. 

68  pieces  India  rubber. 

1  pound  India  rubber. 
37,500  labels. 

3  letter  pressea, 

86  memorandum  blocks. 

30  bottles  mucilage. 

8  mucilage  brushes.         * 

8  miidlage  stands. 
500  order  slips. 

280ji5  reams  letter  paper. 

23, 024  sheets  paper,  assorted. 

17  pajter  fasteners. 

9  paper  folders. 

94  gross  pens. 
3, 367  pencils. 

240  pencil  and  pen  holders. 

36  {leucil  piiiiit  protectors, 

9  boxes  pins. 

5  bottles  pounce. 
8  pounce  boxes. 

7  spools  ribbon. 

247  gross  rubber  bands. 

83  rubber  stamps. 

2  rulers. 

124  pounds  roller  composition. 

96, 500  seals. 

181  pounds  sealing  was. 

16  spODge  cups. 

7,750  tags 

66  yards  tape, 

4  spools  t.ipe. 

■JJ  gross  thumb-tacks. 

622|  irards  tracing  cloth. 

I  font  type. 

1  water- cooler. 

156  qnill-pens. 

30  stencil  boards. 
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LABOBATOET  STOEKa. 

57i  bottles  liud  viala. 

19  barometers  and  tbermometers. 

3  carboys. 

8,710  corka. 

165  crucibles. 

19  gauge  ghisses. 

27  glass  breakers, 

21  glass  tubes. 

'  hydrometer, 


jai 
lei 


level  glasses, 
129  .materials  for  electric  batteries. 

1  mortar  and  pestle. 

2  pyrometers. 

3  retorts. 

32, 114^  pounds  acid. 
8|  gallons  acid. 
956^  gallonij  alcohol. 
94    pouuds  alum. 
60    pound))  ammoiiiated  copper. 
72J  ponnds  mitiaioiiy 
167     pounds  aijiia  ammonia. 
202    i>ounds  beeswax. 
72    sticks  lilrtck  cement. 
152, 128    pounds  bone, 
85    pounds  borax. 
42    pounds  camphor. 
43^  pounds  chalk. 
60    ponniis  powdered  charcoal. 
600    pounds  I'liloiiiti.^  of  lime. 
10     pounds  t!iiln-i'ntnited  lye. 
98    boxes  v.nin'ritnitt.'il  lyo. 
755    pounds  4iiii]]i*r  ;ii[(i  its  preparations. 
232     pounds  4'li'<'U'ii|>i<)ii  fluid. 
3, 1003  pounds  glue. 
12    gallons  glue. 
228i  pounds  glycerine. 
30    grains  gold  chloride, 
2    packs  gold-leaf. 
110    pounds  ground  glass. 
25    {wunds  ground  pepper. 
27    pounds  gum  arabic. 
20    pounds  guru  tragacanth. 
72    hand  grcmidea, 
67    pounds  tiorse  medicine. 
24    papers  horse  powders. 
2     ounces  iodine. 
266    pounds  irou  and  its  preparations. 
218    gallons  isiuglasa. 
8    ounces  laudaunm. 
2    bottles  linament. 
50    pounds  manganese  and  its  salts. 
400^  pounds  mercury  and  its  salta. 
167    gallons  molasses. 


KEPOKT   OF  THE   CHIEF   OP  OBDMAHCE.  21 

20    poands  nickle-salta. 
213J  reaniapaper. 
32,296^  pounds  paper. 
46    rolls  jtaper. 
lOOJ  yards  pai)er. 
7     barrt^lH  pitch. 
6, 086J  poands  potash,  Tarions. 
56j  pounds  8al-,immoi)iac. 
13, 660    pounds  Ral-soda. 

3  gnlloDS  silver  solution. 
1,327  pounds  silicate  of  soda. 
94^  pounds  spirits  of  niter. 
653^  pouuda  snlpbur. 
50  poDuds  sugar  of  lead. 
112  pounds  strontia- nitrate, 
7, 145    pounds  straw-boards. 

41    quarts  tar. 
4, 009    iKiunds  tallow, 
20    pounds  tobacco, 
100    pounds  vassalioe  (anti-corrosive). 
20    pounds  vermin  powder. 
26J  {gallons  wbiting. 

PA.INT8,  OILS,  &0. 

9    barrels  asphaltum. 

50  pounds  asplialtnm. 
117J  gallons  benzine. 

4,380J  gallons  coal-tar. 

14d^  gallons  drier. 

6    pounds  drier. 

14, 321^  gallons  gasoline. 

380  pounds  gilder's  whiting, 
31^  pounds  hardwood  filler. 
696    pounds  kalsomine. 

51  gallons  lacker. 
312    pounds  lam])black. 

20    pounds  l)la«k  lead. 
S07    pounds  red  lead. 
24,172^  pounds  white  lead. 
385    pounds  litharge. 
88    pouu'ls  extract  of  logwood. 
463j  gallons  naphtha. 
22    pounds  nut-galls. 
5J  gallons  castor-oil. 
66    gallons  cod-liver  oil. 

697^  gallons  dressing  oil.  • 

6,24l|  gallons  illiiriiiriatingoil. 
4,369    gallons  Inbrietiliiig  oil. 
3,493^  gallons  oil,  mixing  paints. 
6,8:^    pounds  paint,  dry. 
10, 775j  pounds  paint,  in  oil. 
IIOJ  gallons  paint,  in  oil, 
1, 792    gallons  petroleum  and  its  products. 
28    pounds  petroleum  and  its  products, 
769J  pounds  putty. 
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8    gallons  shellac. 
512    pounds  shellac. 
1, 354^  gallons  spirits  of  turpentinf). 
21    pounds  turpentine. 
137    pounds  burnt  umber. 
31    pounds  raw  umber. 
350^  gallons  varnish. 
3, 69  i|  pounds  whiting. 
512    pounds  zinc. 

MISCELLANEOUS. 

97  bags. 

34  barrels. 

8  baskets. 

7y  209  pasteboard  boxes. 

899  packing-boxes. 

2, 102  tin  boxes. 

18  gallons  browning  mixture. 

486  tin  cans. 

1  camera  stand. 

165  })0unds  axle  grease. 

6S  boxes  axle  grease. 

3  sets  post  harness. 
200  parts  of  harness. 

4  horses. 

4, 864  feet  hose. 

3  hose  reels. 

5, 247  pounds  Japan  wax. 

102  kegs. 

5  mirrors. 

833J  pounds  packing,  various. 

1  paint  burner. 

450  powder  canisters,  2  pounds. 

450  powder  canisters,  5  pounds. 

2  rubber  aprons. 

3  rubber  caps. 

6  rubber  coats. 

11     pairs  rubber  boots. 
115    rubber  rings. 

IIJ  pounds  rubber  rings,  &c. 

97|  pounds  sheet  rubber. 
10^1  feet  rubber  tubing. 

29    pairs  magazine  slippers. 

14    barrels  saw-dust. 
718    tickets,  railroad  and  street  cars. 
374    trees,  &c. 

2    wagons. 
470    parts  of  wagons. 

7  whips. 

2    gallons  wood  preservative. 
3, 000    pounds  fertilizers. 

MACHINES. 

2    band-saws  with  tables,  complete. 
1    board-cutting  shears. 
1    boring  machine. 
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1  catting  machine. 

1  cultivator. 

1  elevator. 

1  emery  grinder,  with  table,  complete. 

1  fleldroller. 

3  force-pumps. 

1  gas-retort. 

1  grinding  machine. 

2  lathes. 

3  lawui^mowers. 

2  milling  machines. 

1  morticing  machine. 

1  molding  machine. 

1  newel  planer  vise. 

2  planing  machines. 

2  paper  box  machines. 

1  paper  catting  machine. 

1  paper  cutting  shears. 

1  printing  press. 

1  power  hammer. 

177  parts  of  mowing  machine. 

1, 288  parts  of  machines,  various. 

1  steam-boiler. 

1  steam-engine. 

1  sharper  head. 

1  rheostat. 

1  saw  bench  and  counter  shaft. 

1  steam  heating  apparatus. 

INSPECTINa  INSTRUMENTS. 

1  set  gauges. 

2  micrometer  caliper. 

2  plane  tables  and  tripods. 

6  prismatic  gauges. 


TOOLS. 

70 

awls. 

2 

axes. 

QS 

bits. 

5 

braces. 

1,411 

brunhes  and  sash  tools. 

145 

buckets. 

195 

carpenters'  tools,  various. 

21 

chalk-lines. 

27 

chisels. 

8 

chucks. 

12 

coal-hods. 

2 

crow-bars. 

4 

sets  dies. 

3 

dies  and  stocks. 

510 

drifts. 

267 

drills. 

4 

sets  drills. 

3,239 

files. 

37 

forks  (hay  and  manure.) 

12 

gauges. 

76,74« 

pounds  grindstones. 
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1,815  lisDdesl. 

5  barrows. 

93  batehets  aod  bammnie. 

24  hoes. 

2  kettles. 

74  knives. 

100  ladles,  7  inch. 

100  ladles,  2j  inch. 

3  ladders. 

11  Atei'l  lettiTH  and  figures. 

10  Nets  li-tters  and  figares. 

32  luacliiDists'  tools,  various. 

366  mallets. 

66  papers  needles. 

18  pairs  nippers. 

fi22  oil  cups  and  oilers. 

98  oil  stones. 

6  oil  tanks. 
30  paos. 

8  picks. 

1  pii)e-cntter. 

6  planes. 

26  pi  a  lie- irons. 

3  plows. 

47  punches,  assorted. 

63  rakes. 
163  rasps. 
113  rules. 

64  saddlers'  tools,  various. 
143  saws. 

75  sa\r  Wadea. 

1  platform  scale  (2,500  lbs). 

2  tounter  scales. 

10  Screw  drivers. 
45  scythes. 

84  «c>'the  stones. 

13  scythe-snaths. 

8  sieves  and  sifters. 

38  pairs  sbenrs. 

138  shovels. 

18  smiths'  tools,  various. 

19  spades. 

6  steel  stamps. 
19  sand' stones. 

4  sets  stencil-plates. 

2  sets  stencil  dies,  letters  and  figures. 

7  tape  lines. 

11  taps  and  reamers. 

5  sets  taps  and  reamers. 
5  tinners'  toolsj  various. 
5  trowels. 

1  truck. 

167  utensils,  various. 

43  wheelbarrows, 

65  wrenches. 

12  rises. 


Appendix  3. 


Statement  of  ordnance^  ordnance  stores^  dc.,  issued  to  the  military  estab- 
lishment^ including  the  national  homes  for  soldiers  of  the  volunteer  and 
regular  Army^  and  exclusive  of  the  militia^  during  the  fiscal  year  ended 
June  30,  1885. 

Glass  I. 

4  Gatliiig  guns,  10-long  barrels,  caliber  .45. 
7    3-iiich  rifled  guns. 

1    lO-pounder  Parrott  gun. 

5  light  12pounder  bronze  guns. 
1    4.5iuch  8iege  gun. 

Glass  II. 

1    Catling  gun  carriage,  caliber  .45,  short. 

3  Gatling  gun  carriages  and  limbers. 

1  6-pounder  gun' carriage  without  limber. 

2  6- pounder  gun  carriages  and  limbers. 
1    3-inch  gun  carriage  without  limber. 

12  3-inch  gun  carriages  and  limbers. 

13  12  pounder  gun  carriages  and  limbers. 

5  30  ])ounder  gun  carriages  and  limbers. 

4  4.5-inch  siege  gun  carriages  and  limbers. 

6  8-inch  riiie4  gun  carriages  and  chassis. 

1  11  inch  rifled  gun  carriage  and  chassis. 
9  15  inch  gun  carriages  and  chassis. 

2  3-inch  gun  caissons  and  limbers. 
1  3.2-inch  gun  caisson  and  limber. 

3  3.2inch  gun  carriage  limbers,  metallic. 

1  ammunition  cart. 

2  Laidiey  cavalry  forges. 

4  Laidiey  cavalry  forge  carts. 


», 


Class  III. 

74  harness  bags. 

8  elevating  bars. 

20  manoeuvri;  g  bars. 

2  manoBuvring  wrench  bars. 

8  pinch  bars. 

12  bankets  for  mortar  implements. 

13  iron  sponge  buckets. 

22  wooden  sponge  buckets. 

5  iron  tar  buckets. 

134  gutta  percha  water  buckets. 
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2  leather  water  buckets 

2  papier-mach^  water  backets. 

2  budge  barrels. 

1  fuse  anger. 

6  fuse  blocks. 
16  fuse  cutters. 

1  fuse  gimlet. 

13  fuse  mallets. 

5  fuse  plug  reamers. 

4  fuse  plug  wrenches. 
1  fuse  saw. 

12  fuse  wrenches. 
1  gun  cover. 

53  gunners'  gimlets. 

42  gunners'  haversacks. 

9  gunners'  pincers. 

20  gunners'  pouches. 

1  gunners'  quadrant. 

10  pairs  gunners'  sleeves. 

8  handspikes  for  8  inch  riiie. 

16  handspikes,  manoeuvring. 

30  handspikes,  trail. 

1  set  harness,  2horses,  ammunition  cart. 

5  sets  harness,  Laidley  cavalry  forge. 

13  sets  harness,  2  lead  horses. 
13  sets  harness,  2- wheel  horses. 

7  common  lanterns. 
16  globe  lanterns. 
42  lanyards. 

2  paulins,  6  by  10  feet. 

5  paulins,  8  by  10  feet. 
2  paulins,  12  by  12  feet. 

44  paulins,  12  by  15  feet. 

10  pendulum  hausses,  3-inch  gun. 

2  pendulum  hausses,  12  pounder  gun. 

4  pendulum  hausse  pouches. 

2  pendulum  hausse  seats  and  covers. 

3  plummets. 

1  pointing  cord. 

2  pairs  ammunition  pouches. 

4  powder-measures. 

37  priming-wires,  field  gun. 

20  prolonges. 

6  rammers  and  staves. 
10  gun  scrapers. 

4  breech  sights,  Hotchkiss  cannon. 
10  breech  sights,  3  2-inch  gun. 

1  breech  sight,  4.5  inch  gun. 

1  breech  sight,  8inch  gun. 

5  breech  sights,  100-pounder  gun. 

5  breech  sights,  200-pounder  gun. 

6  breech  sights,  300  pounder  gun. 

2  breech  sights,  mountain  howitzer. 
2  muzzle  sights,  mountain  howitzer. 

5  muzzle  sights,  3-inch  gun. 

6  muzzle  sights,  3.2inch  gun. 
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13  muzzle  sights,  8-inch  gun. 

1  muzzle  sight  seat. 
100  securing  stakes. 

2  shot  carriers. 

2  sponge  covers,  Hotchkiss  mountain  gun. 

37  sponge  covers,  3  inch  gun. 

4  sponge  covers,  4.5-inch  gun. 

9  sponge  covers,  12-pounder  gun. 

4  sponge  covers,  mountain  howitzer. 

6  sponges  and  rammers,  6-pounder  gun. 

39  sponges  and  rammers,  3inch  gun. 

11  sponges  and  rammers,  12pounder  gun. 

1  sponge  and  staff,  Hotchkiss  mountain  gun. 

0  sponges  and  staves,  4.5-inch  gun. 

3  sponges  and  staves, Sinch  gun. 

5  sponges  and  staves,  15inch  gun. 

38  thumbstalls. 

15  tompions,  3  inch  gun. 

6  tompions,  12-pounder  gun. 

2  tompions,  4.5-inch  gun. 

4  tompions,  8-inch  gun. 
15  tompions,  10  inch  gun. 

3  tompions,  15-inch  gun. 
9  tow-hooks. 

15  tube-pouches. 

97  vent  covers,  field  gun. 

5  vent  covers,  siege  gun. 

29  vent  pieces.  # 

12  vent  punches. 

2  water  tubs. 

32  wipers  for  mortars. 

12  worms  and  staves. 

IMPLEMEjrXS  FOB  GATLING  GUN. 

4  covers  for  gun,  caliber  .50. 
4  covers  for  gun,  caliber  .45. 

3  cam  extractors. 

1  clamp  for  worm  gear. 

4  drifts. 

20  feed  cases. 

12  feed  magazines. 

2  handspikes. 

2  headless  shell  extractors. 

4  lock  screw-drivers. 

4  small  screw-drivers. 

4  T  screw-drivers. 

1  shell  driver. 
4  wiping  rods. 

2  adjusting  screw  wrenches. 
4  pin  wrenches. 

1  rear  guide  nut  wrench. 

Glasses  IV  and  V. 

222  3-inch  shot. 

20  12-pounder  shot. 

750  4.2-inch  shot. 
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550  4.5-inch  shot. 

230  8-iDch  shot. 

100  15iDch  shot. 

500  1.5-inch  shell  and  cartridge  case. 

50  2.9.inch  shell. 

422  3-inch  shell. 

995  3.2-inch  shell. 

100  4.2inch  shell. 

375  4.5  inch  shell. 

124  12pounder  shell. 

300  8-inch  shell. 

416  10  inch  shell. 

50  ISinch  shell. 

300  3  inch  case  shot. 

182  3.2  inch  case  shot. 

124  12-pounder  case  shot. 

500  3  inch  canister. 

124  12-pounder  canister. 

Class  VI. 

2,822  Springfield  carbines,  caliber  .45. 

592  Colt's  revolvers,  caliber  .45. 

713  Chaffee-Reece  magazine  rifles,  caliber  .45. 

71i  Hotchkiss'  magazine  rifles,  caliber  .45. 

713  Lee  magazine  rifles,  caliber  .45. 

100  Springfield  cadet  rifles,  caliber  .45. 

2,794  Springfield  rifles,  caliber  .45. 

1  Springfield  rifle,  model  1866,  caliber  .50. 

40  Springfield  shotguns,  ]^o.  20. 

1  artillery  saber. 

357  cavalry  sabers. 

96  musicians'  swords. 

89  non-commissioned  ofilcers'  swords. 

207  trowel  bayonets. 

247  l;iunting  knives. 

Class  VII. 

ARTILLERY   ACCOUTERMENTS. 

11  knapsacks  for  light  battery. 

CAVALRY  ACCOUTERMENTS. 

779  canteens  and  straps. 

1  canteen  strap. 

40  carbine  cartridge  pouches. 

1,359  carbine  slings. 

1,033  carbine  sling  swivels. 

159  pistol  cartridge  pouches. 

597  pistol  holsters. 

200  saber  attachments. 

2,045  saber  belt«. 

1,947  saber  belt  plates. 

674  saber  knots. 
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INFANTBT  AOOOUTEBMENTS . 

bayonet  scabbards.- 

blanket  bags. 

blanket  bag  shoalder  straps. 

canteens. 

canteen  covers. 

canteen  straps. 

cap  pouches. 

cartridge  belts. 

cartridge  belt  plates. 

cartridge  boxes. 

clothing  bags  for  recruits. 

clothing  bag  straps  for  recruits. 

coat  straps. 

forks.  ' 

knives. 

spoons. 

sliding  frogs. 

gun  slings. 

haversacks. 

haversack  straps. 

hunting  knife  scabbards. 

intrenching  tool  scabbard. 

magazine  belts  for  Lee  rifle. 

meat  cans.    . 

revolver  belts. 

sword  belts  and  plates,  non-commissioned  offiicers^ 

tin  cups. 

trowel  bayonet  scabbards. 

waist  belts  and  plates,  musicians'  and  non-commissioned 

officers', 
waist  belts,  privates', 
waist  belt  plates,  privates'. 

APPENDAGES. 

brushes  and  thongs. 

bullet  molds. 

field  cases  for  shot  gun  supplies. 

powder  charger. 

headless  shell  extractors. 

jointed  ramrods. 

shot  gun  outfits. 

screw-drivers. 

screw-drivers,  combination,  model  1879. 

sere w-dri vers,  revolver. 

screw-drivers,  Lee  rifle. 

spring  vises. 

tumbler  punches. 

wiping  brushes,  Lee  rifle. 

wiping  rods,  shot  gun. 

wiping  rods,  wood,  carbine  and  rifle. 

HOBSE  EQUIPMENTS. 

3,861    curb  bridles. 
673    watering  bridles. 


2,925 

1,498 

1,994 
6,058 

3,071 

5,760 

9 

4,327 
1,915 
5,789 

3,727 

3,639 
3,014 
5,020 

5,189 

5,018 

69 

5,088 

5,518 
6,145 

246 

1 

710 

4,608 

9 

5 

10 

5,302 

206 

51 

4,072 

3,753 

45 

25 

22 

1 

13, 079 

1,610 

21 

352 

5,488 

373 

493 

180 

670 

713 

38 

9,969 
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290  carbine  sockets  and  straps. 

287  cinchas  or  hair  girths. 

2,070  curry-combs. 

99  cruppers. 

180  forage  sacks. 

8  girths. 

1,435  halters  and  straps. 

4,218  horse  brushes. 

249  horse  covers  with  surcingles  attached. 

1,138  lariats. 

483  links. 

3,118  nose- bags. 

1,152  picket  pins. 

549  saddles,  cavalry. 

78  saddle  bags,  canvas. 

296  saddle  bags,  leather. 

2,833  saddle  blankets,  gray. 

129  saddle  blankets,  red. 

10  saddle  cloths,  felt. 

55  saddle  cloths,  hair. 

467  side  lines. 

46  spurs  and  straps.  Mill's  pattern. 

1,298  spurs. 

2,075  spur  straps. 

341  stirrups. 

3  stirrups  with  guidon  sockets. 

627  stirrup  straps. 

1,257  surcingles. 

2  sweat  leathers. 

Class  VIII. 

SMALL-ABM  AMMUNITION. 

'  1,229,295  carbine  ball  cartridges,  caliber  .45. 

527,010  revolver  ball  cartridges,  caliber  .45. 

125,000  revolver  blank  cartridges,  caliber  .45. 

4,016  140  rifle  ball  cartridges,  ciiliber  .45. 

50  rifle  ball  cartridges,  caliber  .50. 

523,000  ritfe  blank  cartridges,  caliber  .45. 

1,000  Gatling  ball  cartridges,  cali^)er  1  inch. 

600  Gatling  canister  cartridges,  caliber  1-inch. 

2,160,670  round  balls,  caliber  .45. 

883,000  carbine  bullets,  caliber  .45. 

259,000  revolver  bullets,  caliber  .45. 

5,735,000  rifle  bullets,  caliber  .45. 

11,551,500  cartridge  primers. 

1,000  cartridge  shells. 

9,175  shot  gun  cartridge  shells. 

10,175  pounds  shot. 

2,007,500  carbine  cartridge  wads. 

409.000  shotgun  cartridge  wads. 

AMMUNITION  FOR   CANNON. 

6, 760  blank  cartridges,  ^-pound  charge. 

1, 230  blank  cartridges,  1-ponnd  charge. 

1, 000  blank  cartridges,  2  pounds  charge. 
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5,563  blank  cartridges,  G-pounder  gun. 

29, 574  blank  cartridges,  3  inch  gun. 

560  blank  cartridges,  3.2-inch  gun. 

24, 020  blank  cartridges,  light  12-pouuder  gun. 

300  blank  cartridges,  heavy  12-pounder  gun. 

5, 500  blank  cartridges,  mountain  howitzer. 

463  metallic  fuses. 

1, 000  paper  fuses. 

1, 100  wooden  fuses. 

17, 800  pounds  cannon  powder. 

16, 250  pounds  hexagonal  powder.  . 

500  pounds  mealed  powder. 

31,800  pounds  mortar  powder. 

108, 616^  pounds  rifle  powder. 

4, 020  electric  primers. 

145,831  friction  primers. 

Class  IX. 

264  portable  arm  racks. 

373  assorted  blocks. 

22, 451  marksman's  buttons. 

2  capstans. 

8  capstan  bars. 

1  hand  cart. 

1  implement  and  tool  cart. 

1  sling  cart. 

8  sling  chains. 

1  chronograph. 
76  assorted  chocks. 

2  gun  collars. 
1  cradle. 

10  cranes. 

3, 735  sharpshooters'  crosses. 

39  disks. 

1  fall,  watch  tackle. 
440  signal  flags. 

2  casemate  gins. 

1  field  and  siege  gin.  * 

2  garrison  gins. 
6  gin -falls. 

14  gin-handspikes. 

3  gin-slings. 
2  gun-lifts. 

11  hydraulic  jacks. 
61  intrenching  tools. 

60  intrenching-tool  carriers. 

10  iron  pegs,  4  feet  long. 

9, 409  marksmen's  pins. 

1  plane  table. 

2  plane  tables  and  tripods  with  aledades  and  compasses. 

9  gun  platforms. 

2  mortar  platforms. 

2  pry-planks.  • 

12  assorted  rollers. 
48  shifting-planks. 
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162  shot-marks. 

1  sighting-tripod. 

38  skids. 

90  skidding  pieces. 

4  cannon  slings. 

1  stadinm. 

1  stadia-bag. 
336  streamers. 

2  Brinton's  targets.^ 
12  Gushing's  targets. 

4  Gushing's  target  axles. 
8  Gushing's  target  caps. 

30  Gushing's  target  truck  frames. 

8  Gushing's  target  truck  wheels. 

230  Laidley's  targets. 

32  Laidley's  target  axles. 

3  Laidley's  target  axles  with  pins  and  wedges. 
8  Laidle>'s  target  axle  boxes  and  pins. 

8  Laid  ley's  target  center  blocks  and  pins. 
33,  750  Laidley's  target  centers. 

24  Laidley's  target  clamps. 

334  Laidley's  target  cross  pieces. 

1, 669  Laidley's  target  frames. 

28  Laidley's  target  journal-boxes. 

76  Laidley's  target  nave- boxes. 

40  target  levers. 

20  target  lever-boxes. 

14, 636, 500  target  pasters. 

139  target  plates. 

67  target  rails. 

334  target  uprights. 

2  Lancaster  targets. 

73, 137  paper  targets. 

12  rolling  targets. 

1  sliding  target. 
6  trace  ropes. 

2  casemate  trucks. 
2  trunnion  loops. 

2  tilinnion  rings. 

89  pairs  eccentric  trunnion  rings. 

12  hydraulic  jack  valves. 

1  wagon-sliug. 

RELOADING  TOOLS,  &C. 

1  set  bench  reloading  tools. 
74  sets  hand  reloading  tools. 

150  combination  anvils. 

5  ball-molds  (4-balls). 
96  brush  wipers. 

9  brush  wipers  for  shotgun  cartridges. 
17  adjustable  powder  chargers. 

33  adjustable  powder  and  shot  chargers. 
46  b^nch  chargers  for  hand  reloading  tools. 

2  crimping  dies. 

8  crimping  die  caps. 
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22  crimping  and  reloading  dies  for  revoh  er  cartridgee. 
110  crimping  and  reloading  dies  for  rifle  cartridges. 

5  reloading  dies. 

24  resizing  dies  for  revolver  cartridge  shells. 

192  resizing  dies  for  rifle  cartridge  shells. 

81  drifts. 

9  dritts  for  shotgun  cartridge  ^ells. 

6  primer  extractors. 
213  extractor  pins. 

70  funnels. 

7  funnels  for  shotgun  cartridges. 
50  ladles. 

103  mallets. 

7  powder  measures. 

6  oil  cans. 

37  oil  cups. 

115  priming  tools  for  shotgun  cartridges. 

36  i)riming  tools  for  ritle  cartridges. 

312  priming-tool  pins. 

2  priming-tool  spindle  screws. 
1  primer  punch. 

26  reloading  punches  for  revolver  cartridges. 

136  reloading  punches  for  rifle  cartridges. 

173  resizing  punches. 

6  safety  sockets. 

67  shell  scrapers. 

1  strainer. 

3  wasliers. 

23  wiping-rods. 

Class  X. 

PARTS   OF   CLASS   II. 


3 

cap  square  chains. 

1 
3 

cap  square  key. 
cheek  bolts. 

3 
1 

cylinder  straps  for  carriage, 
elevating  fulcrum. 

9 

2 

elevating  screws, 
foot  boards,  caisson. 

6 

foot  boards,  limber. 

10 

forks  for  field  limber. 

8 

hounds. 

.     1 

nave  for  cavalry  forge. 

16 
1 

8 

poles  for  field  gun. 
pole  for  mortar  wagon, 
pole  lifts. 

3 
4 

pole  3"oke8. 
rails. 

1 
8 
8 

shaft  for  cavalry  forge, 
shoes  for  artillery  wheels, 
splinter  bars. 

2 

stocks  for  caisson. 

32 

washers. 

19 

wheels  for  field  carriages. 

4625 

OED 3 
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PARTS  OF  CLASS  III. 


8 

artillery  curb  bits. 

6 

breast  straps. 

1 

breeeliings. 

4 

artillery  bridles. 

455 

brass  plated  buckles. 

646 

iron  rolliT  buckles. 

87 

collars. 

20 

collar  pads. 

120 

artiHer\^  halters. 

32 

artillery  halter  chains. 

440 

artillery  halter  straps. 

U 

pairs  haraes. 

12 

hame  clasps  with  chains  and  toggles. 

4 

leg  guards. 

6 

brass  loops. 

27 

pole  pads. 

86 

pole  straps. 

4 

rammer  heads. 

148 

rosettes  for  artillery  bridles. 

1 

driver's  saddle. 

1 

valise  saddle. 

303 

woolen  sponges. 

20 

sponge  heads. 

16 

staples  for  valise  saddle. 

2 

staves. 

13 

lead  traces. 

12 

patent  splinter  bar  traces. 

7 

wheel  traces. 

100 

whips. 

PARTS   OF   CLASS  V. 

100  bushings  for  shell. 

900  copper  bands  for  shell. 

1, 100  brass  fuse  plugs. 

500  tin  straps. 

PARTS   OF   CLASS   V-T — PARTS   OF    SPRINGFIELD   CARBINE. 

61  bands. 

6  butt- plates. 

228  front  sights. 

4,011  front-sight  covers. 

12  front-sight  cover  springs. 

12  front-sight  cover  spring  screws. 

12  front  sight  cover  friction  springs. 

118  rear  sights. 

51  rear-si^ht  bases. 

48  rear-sight  base  screws. 

382  rear-sight  leaves. 

779  stocks,  wood  i)art. 

102  swivels. 

PARTS   OF   SPRINGFIELD    RIFLE. 


16     lower  bauds. 
26     upper  bands. 
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276  band  springs. 

2  barrels. 

11  bayonets. 

98  ba3  ouet  clasps. 

128  bayonet-clasp  screws. 

468  breech-block  caps. 

495  breech-block  cap  screws. 

60  breech  screws. 

1,293  bridles. 

990  bridle  screws. 

106  butt  plates. 

212  butt-plate  screws. 

981  cam-latch  springs. 

2, 041  ejector  springs. 

1,  747  ejector  spring  spindles. 

408  ejector  studs. 

4,511  extractors. 

5,  91'J  firing  pins. 

932  firing  pin  screws. 

304  firing  i)in  springs. 

248  front  sights. 

8, 861  front-sight  covers. 

116  front-sight  i)ins. 

218  guard-bow  nuts. 

24  guard-bow  swivels. 

54  guard-bow  swivel  screws. 

120  guard  plates. 
430  guard  screws. 
442  hammers. 

6, 003  hinge  pins. 

10  hinge-pin  studs. 

68  locks. 

121  lock  plates. 

699  main  springs. 

400  main  spring  swivels. 

423  main-spring  swivel  rivets . 

3, 794  pistol  grips,  metal. 

14  pistol  grips,  wood. 

269  pistol-grip  screws. 

353  ramrods. 

374  ramrod  stops. 

501  rear  sights. 

53  rear-sight  bawses. 

852  rear-sight  base  screws. 

39  rear-sight  base  springs. 

498  rear  sight  leaves. 

1, 149  rear-sight  ])lates,  buckhorn. 

56  rear-sight  joint  pins. 

120  rear  sight  slides. 

41  rear  sight  slide  blocks. 

700  rear  sight  slide  gibs. 
151  rear-sight  slide  plates. 
201  rear-sight  slide  screws. 

>^S  rear-sight  slide  springs. 

1, 655  sears. 

962  sear  screws. 
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622  sear  springs. 

5l4^bear-8priDg  screws.  ^ 

858  side  screws. 

161  side-screw  washers. 

1, 179  stocks,  wood  part. 

723  taug  screws. 

256  thumb  pieces. 

107  stock  tips. 

117  tip  screws. 

9, 006  triggers. 

1,198  triggt^r  screws. 

1,917  tumbleis. 

1,625  tumblers,  swiveled. 

504  tumbler  screws. 

PARTS  OF   CHAFFEE-REECE  MAGAZINE  RIFLE. 

1  bolt. 

1  cartridge  lifting  spring. 
10  ejector  springs. 

10  extractors. 

10  firing  pins. 

20  main  springs. 

PARTS   OF   nOTCHKISS   CARBINE  AND  RIFLE. 

2  butt  stocks. 

6  cut  off  springs. 

512  extract(n>. 

10  tiring  ])ins. 
512  main  springs. 

20  side  screws. 

20  stocks,  wood  part,  carbine. 

11  tang  screws. 

PARTS   OF   lee's  MAGAZINE   RIFLE. 


107 

extractors. 

102 

extractor  springs. 

107 

firing  pins. 

3,937 

magazines. 

502 

magazine  springs. 

117 

main  springs. 

10 

sears. 

107 

sear  springs. 

10 

side-spring  screws. 

-10 

tang  screws. 

10 

triggers. 

PARTS   OF  BREECH-LOADING  SHOTGUN. 

3  barrels  and  receivers. 

19  extractors. 

10  front  sights. 

1  hammer. 

2  stocks,  wood  part. 
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PARTS  OF  COLT'S  REVOLVER. 

112  back-strap  screws. 

2  bolts. 

42  bolt  screws. 

336  center  pins. 

312  center-pin  bashings. 

365  center-pin  catch  screws. 

39  center-pin  screws. 

131  ejector  heads. 

161  ejector  rods. 

76  ejector  springs. 

3  ejector  tubes. 

42  ejector- tube  screws. 

39  tiring  pins. 

36  firing-pin  rivets. 

61  gates. 

32  gate  catch  screws. 

33  gate  springs. 

68  guard  screws,  long. 

60  guard  screws,  short. 
168  hammers. 

116  hammer  cams. 

4  hammer  rolls. 

4  hammer- roll  rivets. 

64  hammer  screws. 
195  hands. 

65  hand  springs. 
163  main  springs. 

61  main-spring  screws. 

29  sear  springs. 

19  sear-spring  screws. 

17  sear  and  stop- bolt  screws. 

114  sear  and  stop-bolt  springs. 

67  sear  and  stop-bolt  spring  screws. 

176  triggers. 

61  trigger  screws. 

PARTS  OF  SCHOFIELD'S,  SMITH  &  WESSON  REVOLVERS. 

10  escutcheon  nuts. 

10  escutcheon  studs. 

35  hammers. 

10  lifters. 

10  main-spring  swivels. 

60  triggers. 

60  trigger  \nus. 

10  trigger-spring  pins. 

PARTS   OF   SWORDS. 

7  musicians'  steel  scabbards. 

3  officers'  browned  scabbards. 

PARTS  OF  CLASS  VIL 

30  bridle  headstalls. 
100  bridle  ornaments. 

80  bridle  reins. 
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7,  207  brass  bar  buckles. 

2,  725  brass  wire  buckles. 

1,  524  iron  bar  buckles. 

755  iron  roller  buckles. 

352  cincba  straps. 

164  coat  straps. 

60  curb  straps. 

41  gross  brass  escutcheon  pins. 
540  halter  bolts. 

10  halter  chains. 

704  halter  headstalls. 

2, 922  halter  rings. 

62  halter-ring  swivels. 

528  halter  squares. 

2, 161  halter  straps. 

2,333  halter-hitching  straps. 

70  brass  hooks  with  rivets. 

70  brass  wire  hooks. 

896  double-spring  lariat  hooks. 

923  saber-snap  hooks. 

1, 880  ovals. 

1, 208  brass  rings. 

174  iron  D  rings. 

1,926  iron  rings. 

100  saber  belt  loops. 

120  saber  belt  slides  with  hooks  and  rings. 

100  saber-belt  studs. 

462  saddle  nails,  Japanned. 

400  saddle-bag  studs. 

1  screw  for  ball  molds. 

300  shields. 

209  side  line  fasteners. 

3, 080  brass  foot  staples. 

2,624  brass  staples  for  rings. 

80  leather  lacing  thongs. 

672 j:  yards  webbing,  4  inches  wide. 

24  yards  webbing,  4.5  inches  wide. 

42  yanls  webbing,  7.5  inches  wide. 

PARTS   OF   CLASS   VIII. 

1,352  cartridge  bags,  i-pound  charge. 

L'O  cartridge  bags,  1  pound  charge. 

520  cartridge  bags,  2  pounds  charge. 

1,000  cartridge  bags,  6-pounder  gun. 

6,200  cartridge  bags,  12-pounder  gun. 

2, 500  <!ai  tridge  bags,  20-pounder  gun. 

1,650  cartridge  bags,  30  pounder  gun. 

800  cartridge  bags,  100-pounder  gun. 

7, 100  cartridge  bags,  3-inch  rifled  gun. 

300  cartridge  bags,  3.2-inch  breech-loading  gun. 

1,200  cartridge  bags,  4.5inch  siege  gun. 

200  cartridge  bags,  8  inch  rifled  gun. 

730  cartridge  bags,  10  inch  gun. 

600  cartridge  bags,  13-inch  gun. 

50  cartridge  bags,  15-inch  gun. 
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PARTS   OF   CLASS  IX. 

7     pointiug  plummets  tor  aiege  mortar. 
12    poJDting  treHtles  for  siege  mortar. 

2  poles  for  sling  cart. 

PART   SECOND  :    CLOTH,  ROPE,  THREAD,  &0. 

102  yards  burlaps. 

60    feet  card  dothiiig, 
13,9984-1-  yards  <MJttuii  cloth. 
23^  pmiuds  lanyard  cord. 
10     pieces  sasli  cord. 
259    pounds  sasb  cord. 
50    pounds  waste  cotton. 

3  yards  cotton  dnck. 

5  pounds  curled  hair. 
202    pounds  marline. 
350    feet  rope. 

6,2 1 8|  pounds  rope. 
2isl  pouu  8  linen  threail. 
337    pounds  aliue  thread. 
320    pounds  tow. 
277J  pounds  twine. 
79|  pounds  yarn, 

IRONMONGERY. 
24    bolts  and  nuts. 

4  brass  boses. 

13f  pounds  sheet  brass. 
10    palters  iron  brads. 
50    pairs  brass  l)Utts. 
24    pairs  iron  butts. 

6  brass  cocks. 
2    hooks. 

12,056  horseshot'S. 

2,087  pounds  horseshoes. 

988  pounds  l>ar  iron, 

105  iKtuuds  sheet  iron. 

4  iron  ladles. 

20  cold  shut  links. 

820  ]>uunds  horseshoe  nails. 

2,060  pounds  iron  nails. 

592  padlocks. 

4  psidlock  keys. 

12  cast-iron  ))osta. 

13?  pounds  brass  rivets  and  burrs. 

794^  pounds  copper  rivets  and  burrs, 

103  pounds  iron  rivets  and  burrs. 
109  gross  screw  pins. 

132S  gross  brass  screws. 
179     groMS  inni  scr.^^ws. 
24    iron  siuips. 
101    pounds  solder. 
425    pounds  spikes. 
276^  pounds  bar  steel. 
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20^  feet  steel  wire  rope. 
8    steel  straps. 
C,000    copper  tacks. 

45    pa[)ers  copper  tacks. 
80f  pounds  copper  tacks. 
1, 291, 000    iron  tacks. 

1, 085    papers  iron  tacks. 
115J  pounds  iron  tacks. 
6    iron  thimbles. 

1  box  sheet  tin. 
395J  pounds  sheet  zinc. 

LEATHER,   &C. 

1, 008  sides  bridle  leather. 

196  pounds  collar  leather. 
24, 798§  pounds  harness  leather. 

2  sides  lacing  leather. 
166  quarts  leather  blacking. 

164    pounds  ingredients  for  leather  blacking. 
247     pounds  blackwax. 
607     ounces  bristles. 

LUMBER,   &C. 

9, 650  feet  boards. 

2,495  feet  plank. 

2, 632  feet  scantling. 

10  barrels  cement. 

CLEANING,   HEATING,   &C. 

54  Bath  bricks. 

207  corn  brooms. 

20  counter  dusting  brushes. 

5  feather  dusting  brushes. 

23  button  brushes. 

10  wire  scratch  brushes. 

15  button-sticks. 

33  pounds  candles. 

217  chamois  skins. 

43  boxes  cleaning  material. 

11, 850  pounds  coal. 

58J  quires  crocus  cloth. 

1, 160  quires  emery  cloth. 

168  quires  emery  paper. 

122^  pounds  polishing  material. 

92^  pounds  scouring  material. 

10  pounds  pumice  stone. 

655  pounds  rott^  stone. 

135  quires  sand  paper. 

185  pounds  bar  soap. 

2, 949  pounds  castile  soap. 

197  pounds  sponge. 
862  papers  tripoli. 

MATERIAL  FOR  OFFICE   USE. 

4    half-boxes  blacking  for  stencil  outfit. 
173    instruction  books. 
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8    fltch  brushes. 

2  boxes  ehiilk  crayons. 
10    tuarktDg  outfits. 

6  quires  drawing  pa|>er. 

30  pouuils  log  paper. 

1  safe. 

3  seal  Btampa. 

13  pounds  s^'aliog  wax. 

6  setH  sttiucil  (lieu  or  plates,  letters  aiitl  figiir 

78  sets  stencil  outfits. 

180  metallic  tags. 

2, 000.  shipping  tags. 

LABOBATOBY    STOBES. 

126  gallons  alcohol. 

121^  pounds  beeswax. 

25  pouiuie  boras. 

30  ponuds  camphor. 

2  pounds  chalk. 

50  pounds  pulverized  charcoal. 

60  pouuds  ammoiiiated  copper. 

1  barrel  fiour. 

80  pounds  glue. 

1,511  pouuds  laboratory  paper. 

25  pounds  black  pepper. 

336  pounds  chlorate  of  potash. 

112  pounds  nitrate  of  stroiitia. 

350  pounds  sulphur. 

120  pounds  tallow. 

20  pounds  tobacco. 

10  pounds  vaseline. 

976  pounds  Jiipau  wax. 

26^  gallons  whisky. 

OILS,   PAIMTS,  &C. 

50    pounds  asplialtum. 

3  gallons  benzole. 
1     barrel  coal  tar. 

172  gallons  coal  tar. 

51|  gallons  Ja[>an  drier. 

25  pounds  patent  drier. 

146  gallons  lacker. 

46  pounds  lampblack. 

190  }H)uuds  red  tea^l. 

1, 735  pounds  white  lead. 

17  pouuds  extract  logwood. 

225  quarts  coHiiioliiieoil. 

S,972  pounds  liarwsHojI. 

239J  gallons  kerosene  oil. 

5  gallons  lartl  oil. 

671^  gallons  linseed  oil. 

2j  gallons  lubricating  oil. 

158  gallons  neatstbot  oil. 

68j  gallons  neutral  oil. 
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7473  gallons  sperm  oil. 

962  i)ounds  black  paint. 

10  pounds  ivory  black  paint. 

20  pounds  Prussian  blue  paint. 

2,  209  pounds  brown  paint. 

35  pounds  green  paint. 

490  pounds  lead  color  paint. 

1,  740  pounds  metallic  paint. 

•2, 703  pounds  olive  paint. 

35  pounds  Venetian  red  paint. 

30  pounds  vermilion  paint. 
157  i>ounds  putty. 

35  pounds  shellac. 

754  gallons  turpentine. 

50  pounds  umber. 

2 J  gallons  asphalt  varnish. 

3  gallons  coach  varnish. 

31  gallons  copal  varnish. 
2  gallons  gear  varnish. 

27^  gallons  Japan  varnish. 

243  pounds  whiting. 

MISCELLANEOUS. 

468  arm  chests. 

200  cotton  powder  bags. 

26  metallic  powder  barrels. 

2, 169  wooden  powder  barrels. 

4  bottoms  for  reloadingtool  boxes. 
28  reloading  tool  boxes. 

1  cleaning  material  box. 

2, 070  powder  canisters. 

107  tin  cans. 

1  instrument  cjise. 

1  case  for  samfile  equipments. 

20  chamois  skin  saber  cases. 

20  chamois  skin  sword  cases. 

1  demijohn. 

360  pounds  grease  for  gun  bore. 

460  pounds  wheel  grease. 

60  pounds  gutta  percha. 

258  halyards  with  screw -eyes. 

75  feet  rubber  hose. 

76  powder  kegs. 

20  j)ounds  tlax  packing. 

142  feet  rubber  packing. 

1  singletree. 

MACHINES   AND   PARTS   OF  MACHINBS. 

1  diameter  calipers. 

136  crusher  gauge  cylinders. 

1  lathe  chuck. 

936  pressure  disks. 

4  crusher  gauges. 

1  expansion  caliber  gauge. 

1  fuze-thread  gauge. 
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2  pressure  gauges. 

6  ring  gauges. 

4  ring  gauges  for  star  gauge. 

2  star  gauges. 

1  wire  inspecting  instrument. 

1  foot  lathe. 

8  measuring  points  for  star  gauge. 

3  sets  measuring  points  for  star  gauge. 
1  lathe  rest. 

8  measuring  rods,  adjustable. 

1  pressure  scales. 

TOOLS. 

50  aprons. 

135  awl  handles. 

14  patent  awl  handles. 
261  saddlers'  awls.  * 

1  seat  awl. 

220  stitching  awls. 
3  stub  awls. 

34  ax  handles. 

12  felling  axes. 

1  hand  ax. 

15  armorers'  bits. 
6  auger  bits. 

32  bits  for  brace. 

1  set  of  bits. 

1  copper  boiler. 

2  braces. 

221  paint  brushes. 
6  paste  brushes. 

231  sash  brushes. 

3  stencil  brushes. 
2  varnish  bnishes. 

10  iron  buckets. 

22  wooden  buckets. 
2  calipers. 

20  chalk-lines. 

37  chisels. 

11  saddlers'  clamps. 

23  claw -tools. 

2  clenching  irons. 

38  compasses. 

2  iron  creasers. 

31  wooden  creasers. 

10  dies. 

2  die  stocks. 

11  dust  pans. 
31  edge  tools. 

119  file  handles. 

668  files. 

10  rocket  formers. 

5  copper  funnels. 
20  gouges. 

2  grindstones,  with  arbors  and  cranks. 
166  assorted  hammers. 

3  sledge  hammers. 
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11  hatchets. 

11  saddlers'  horses. 

2  jack  screws. 

322  assorted  kuives. 

lO  gauge  knives. 

9  splitting  knives. 

41  ntftUets. 

2  mauls. 

10  measures. 

2  uail  extractors. 

26  nail  punches  and  clinch  knives. 

1, 766  jissoried  neetlles. 

46  [jiiperfi  needles. 

82  niiipers. 

3  oil  cans. 

18  oil  droppers. 

11  oilers. 

4  oil  stones. 

9  pickax  handles. 

7  |>ickazs,  handled. 
37  pincers. 

12  pins  for  surveyors'  chaius. 
6  plane-irons. 

8  planes. 
11  pliers. 

5  pricking  carriages. 

20  pricking  wheels. 
3  i)ritchels. 

84  assorted  punches. 

31  spring  punches. 

2  punching  blocks. 

3  rakes. 
379  rasps. 

2  reamers. 

1  riveting  iron. 

10  rivet  sets. 

41  rules. 

21  sandstones. 

13  saws. 

9  saw  blades. 

1  scales. 

26  scissors. 

2  scrapers. 
2  scoops. 

27  screw -drivers. 

2  screw-taps. 

3  scythes. 

2  scythe  snaths. 

8  scythe  stones. 

30  shears. 

6  pairs  rubber  shoes. 
30  shovels. 

5  selves. 

4  slickers. 

27  pairs  magazine  slippers. 

1  tinners'  snips. 
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4 
2 

spades, 
spatulas. 

10 
2 

squares, 
strainers. 

6 

3 

4 

37 

taps. 

machiue  taps. 

tape  Hues  or  measures. 

thimbles. 

2 
3 

templets, 
ticklers. 

3 

1 
6 

tODgS. 

tool-bag  for  saddlers*  and  smiths'  tools 
tool-handles. 

7 

vises. 

1 

8 

watering  pot. 
wheelbarrows. 

47 

wrenches. 

Appendix  4. 

Apportionment  of  ordnance,  ordnance  storeSy  ^c,  for  the  fiscal  year  ending  June  30,  1885. 
under  sections  1661  and  1667,  Revised  Statutes  United  States,  and  regulations  esiahliakei 
in  conformity  therewith. 


States  and  Territoriea. 


Alabama. . 
Arkansas. 
California. 
Colorado.. 


Connecticut 
Delaware . . . 

Florida 

Georgia 

lUinoiH  ...    . 

Indiana 

lowi 


'a 


Kansas 

Kolitucky 

Louisiana 

Maine         

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Nebraska 

Nevada 


New  Hampshire 

New  Jersey 

New  York , 

North  Carolina  . 
Ohio 


Oregon 

Pennsjivania.. 
Rhode  Island  . . 
South  Carolina 

Tennessee 

Texas  


Vermont         

Virginia 

West  Virginia 

Wisconsin 

Arizona  Territory  * 

Dakota  Territory*" 

Idaho  Territory* , 

New  Mexico  Territory* 

Montana  Territory* 

Utah  Territory* 

Washington  Territory*. 
Wyoming  Territory*  -- 
District  of  Columbia* . . . 


Total 


Number  of 

Senators  and 
Represent- 

Money-valae. 

atives. 

10 

$4,640  37 

7 

3,248  26 

8 

3, 712  30 

3 

1,392  11 

6 

2,784  22 

3 

1, 392  11 

4 

1,856  16 

12 

5,668  45 

22 

10, 206  83 

15 

6,960  56 

13 

6,032  48 

0 

4,176  84 

18 

6,032  48 

8 

3.712  80 

6 

2,748  ^ 

8 

3, 712  80 

14 

6,406  52 

13 

6.032  48 

7 

3,248  26 

9 

4. 176  34 

16 

7,424  50 

5 

2,32019 

3 

1,892  11 

4 

1,856  15 

9 

4, 176  34 

36 

16, 705  38 

n 

5. 104  41 

23 

10.672  86 

8 

1,892  11 

80 

13,021  10 

4 

1,856  15 

9 

4.176  84 

12 

5,568  45 

13 

6,032  48 

4 

1,856  15 

12 

5,568  45 

6 

2,784  22 

11 

5, 104  41 

3 

1, 392  11 

3 

1, 392  11 

3 

1, 392  11 

3 

1,392  11 

3 

).392  11 

3 

1,392  11 

3 

1, 892  11 

3 

1,392  U 

3 

1,392  11 

428 

200.000  00 

*  Apportionment  accojding  to  the  first  paragraph  of  the  President's  regulation  of  April  30,  1855. 
46 


Appendix  5. 

Statement  of  ordnance^  ordnance  stores,  d^c.  distributed  to  the  militia  from 
July  1,  1884,  to  June  30,  1885,  under  sections  HJGl  and  16(i7,  Revised 
Statutes  United  States, 

Class  I. 

2    3-iiich  wrought  irou  rifled  guns. 

9    Gatliug  guu8,  10  biirrels,  long,  caliber  .45. 

Class  II. 

2  carriages  and  limbers  for  3-inch  guns. 

(>     metallic  carriages  and  limbers  for  Gatling  gun,  caliber 
.45. 

3  carriages  and  limbers  for  Gatling  gun,  caliber  .45. 

Class  III. 

2    fuze  cuttt^rs. 

25  fuze  gouges. 

2  fuze-plug  wrenches. 

2  fuze  wrenches. 

*      2  gun  covers,  Gatling  gun. 

39  gunners'  haversacks. 

31  gunners'  gimlets. 

6  gunners'  pincers. 

26  handspikes,  trail. 
24  harness  sacks. 

107  lanyards. 

2  muzzle  sights  for  light  12-pounder  gun. 

2  muzzle  sights  for  3-iuch  ritie. 

106  priming  wires. 

35  prolouges. 

4  poles  for  3-inch  carriage. 
70  pole  pads. 

14  ])air  pole  straps. 

29  paulins,  12  by  15  feet. 

8  pendulum  hausses. 

4  i)endulum-haus8e  seats. 

4  pendulum  hausse  pouches. 

13  sets  artillery  harness,  2  horses,  wlieel. 

4  sets  artillery  harness,  2  horses,  lead. 

12  sponge  buckets,  iron. 

35  sj)onges  and  rammers,  12-pounder  gun. 

6  sponges  and  rammers,  12-pounder  mountain  howitzer. 

50  8[)onges  and  rammers,  6-pounder  gun. 

57  sponges  and  rammers,  3-inch  gun. 

29  SDonge  covers,  TJ-pounder  gun. 
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50  sponge  covers,  6-pounder  gun. 

33  sponge  covers,  3-inch  gun. 

4  sponges,  woolen,  12-pounder  gun. 

4  sponges,  woolen,  3-iucb  gun. 

107  thumbstalls. 

4  tar  buckets,  iron. 

18 ,  tube  pouches. 

6  tow  hooks. 

4  tompions. 

45  vent  covers. 

6  vent  punches. 

4  wheels.  No.  1. 

6  watering  buckets. 

5  worms  and  staves. 

Classes  IV  and  V. 

100  10- pounder  solid  shot,  fully  prepared. 

20  3-inch  Hotchkiss  shell,  percussion  fuze. 

250  3-inch  Hotchkiss  shell,  time  fuze. 

10  3  inch  canister. 

24  10  inch  shell,  full}'  prepared. 
30  10  inch  mortar  shell. 

100  6-pounder  canister  shot. 

Class  VI. 

2,640  Springfield  rifles,  caliber  .45. 

160  Springfield  '*  cadet"  rifles,  caliber  .45. 

100  Springfleld  "  cadet"  rifled  muskets,  caliber  .58,  0.  &  R. 

80  Springfield  rifled  muskets,  caliber  .58,  C.  &  R. 

436  Sjiringtield  carbines,  caliber  .45. 

83  Colt's  revolvers,  caliber  .45. 

85  officers'  swords. 

133  non-con] missioned  officers'  swords. 

120  sabers,  light  cavalry. 

90  sabers,  light  artillery. 

880  bayonets. 

Class  VII. 

APPENDAGES. 

700  combination  screw  drivers. 

115  headless  shell  extractors. 

HORSE   EQUIPMENTS. 

25  bridles,  curb,  cavalry. 
150  halters. 

25  i)airs  spurs  and  straps. 

25  sad<lles,  cavalry. 

2,665  saddle  blankets. 

10  saddle  cloths. 

INFANTRY   EQUIPMENTS. 

3,  609  bayonet  scabburds. 

2,  790  blanket  bags. 
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2,  790  pairs  blanket  bag  shoulder  straps. 

2, 690  pairs  coat  straps. 

50  cap  poucbes  and  picks. 

2,  051  canteens  and  straps. 

190  cartridge  belts  and  plates. 

4, 549  cartridge  boxes. 

50  cartridge-box  belts  and  plates. 

100  carbine  cartridge  boxes.  ^ 

3y  519  gun  slings. 

151  haversacks. 

300  waist  belts. 

5,  479  waist  belts  and  plates. 

350  waist-belt  plate?. 

100  sets  infantry  equipments,  caliber  .58. 

121  meat  cans. 

201  knives. 

201  forks. 

201  spoons. 

201  tin  cups. 

ARTILLERY  EQUIPMENTS. 

12  leg  guards. 

24  linch  pins,  No.  1. 

24  linch  washers,  No.  1. 

10  sets  stay  pins. 

CAVALRY   EQUIPMENTS. 

200  carbine  slings. 

475  carbine  sling  swivels. 

169  pistol  holsters. 

4  revolver  belts. 

230  saber  belts  and  plates. 

1  saber  knot. 

181     non-commissioned  officers'  sword  belts  and  plates. 

(3LASS  VIII. 

1, 200  blank  cartridges,  12-pounder  mountain  howitzer. 

600  blank  cartridges,  6  pounder  gun. 

3, 100  blank  cartridges,  3  inch  rifle. 

QSSj  000  rifle  ball  cartridges,  caliber  .50. 

460, 000  rifle  ball  cartridges,  caliber  .45. 

62,  700  rifle  blank  cartridges,  caliber  .50. 

165,  300  rifle  blank  cartridges,  caliber  .45. 

6, 000  revolver  ball  cartridges,  caliber  .45. 

32,  750  friction  primers. 

115,  000  cartridge  primers. 

21,  000  rifle  shells,  primed. 

110, 000  rifle  bullets,  lubricated. 

1, 000  pounds  powder. 

MISCELLANEOUS. 

28    sets  reloading  tools. 

2  sets  dies,  caliber  .45,  500-grain  bullets. 
220    wiping  rods,  wooden. 
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4  wiping  rods,  GatliDg  gun. 

5  jointed  ramrods,  steel. 

150  cartridge  bags,  13- pounder  gun. 

1  lock  screw-driver,  for  Gatling  gun. 

4  small  screw  drivers,  for  Gatling  gun. 

1  pin  wrencb,  for  Gatling  gun. 

2  pointing  rings  and  plates,  3-inch  carriage. 
12  lincb  Pins,  3  inch  carriage. 

320  paper  targets. 

66  boxes  cleaning  materials. 

5  arm  chests. 

PARTS   OF   SPRINGFIELD  RIFLE,   CALIBER  .45. 

21  barrels. 

10  band  swivels. 

12  band  swivel  pins. 

300  bayonet  clasps. 

320  bayonet  clasp  screws. 

5  breech  blocks. 

54  breech-block  caps. 

64  breech-block  cap  screws. 
10  bridles. 

10  bridle  screws. 

17  butt  plates. 

34  butt-plate  screws. 

65  cam  latches. 

280  cam-latch  springs. 

280  ejector  springs. 

230  ejector-spring  spindles. 

12  ejector  studs. 

230  extractors. 

3,  525  firing  pius. 

20  firing-pin  screws. 

300  firing  pin  springs. 

36  guard  bows. 

30  guard  bow  swivels. 

160  guard- bow  swivel  screws. 

12  guard  screws. 

130  hammers. 

25  hinge  pius. 

10  lower  bands. 

5  lock  plates  (assembled). 

85  main  springs. 

20  main-spring  swivels. 

994  rear  sights. 

60  rear-sight  screws. 

1,  200  rear-sight  base  screws. 

127  ramrods. 

29  ramrod  stops. 

210  sears. 

215  sear  springs. 

175  sear-spring  screws. 

50  sear  screws. 

178  side  screws. 

50  side-screw  washers 
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30  spring  vises. 

120  stocks. 

402  t  nil)  biers. 

20  tumbler  punches. 

362  tumbler  screws. 

78  tang  screws. 

20  thumb  pieces. 

6  triggers. 

20  upper  bands. 

45  upi)er-band  swivels. 

PARTS  OK   SPRINGFIELD  RIFLES,   CALIBER  .50. 

200  bridles. 

200  bridle  screws. 

52  breech  screws. 

200  breech-block  cap  screws. 

62  bayonet  clasps. 

62  bayonet-clasp  screws. 

12  cam  latches. 

300  cam  •  latch  springs. 

100  extractors. 

200  ejector  springs. 

200  ejector-spring  spindles. 

1,450  firing  pins. 

100  firing-pin  screws. 

4  guard  bows. 

8  guardbow  swivels. 

8  guardbow  swivel  screws. 

10  hammers. 

100  hinge  pins. 

50  lower  bands. 

200  lower-band  screws. 

615  rear  sights. 

16  rear-sight  leaf  slides. 

10  rear-sight  leaf  screws. 

500  rear  sight  base  screws. 

200  rear-sight  springs. 

105  ramrods. 

4  sears. 

4  sear  screws. 

36  stocks. 

200  tang  screws. 

2  thumb  pieces. 

2  thumb-piece  screws. 

108  tumblers. 

112  tumbler  screws. 

1  stock  tip. 

1  tip  screw. 

100  upper  bands. 

4  upper-band  swivels. 

404  upper-baud  swivel  screws. 
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Statement  of  ordnance,  ordnance  stores^  cfcc,  distributed  to  the  Territories 
and  States  bordering  thereon,  from  July  1,  1884,  to  June  30,  1885,  un- 
der the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  and  June  7, 
1878,  and  the  act  of  May  16,  1878. 

1, 750    Springfield  rifles,  caliber  .50. 
27, 600    rifle-ball  cartridges,  caliber  .50. 
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tatement  of  ordnance  and  ordnance  stores^  (&c.j  distributed  to  colleges  firom 
July  1,  1884,  to  June  30,  1885,  under  section  1225,  Revised  Statutes 
United  States,  as  amended  by  act  approved  July  5, 1876. 

Class  I. 
10    3-iDch  wrought-irou  rifled  guns,  model  1861. 

Glass  II. 

2    carriages  and  limbers  for  light  12-pounder  gun. 
10    carriages  and  limbers  for  3-inch  guns. 

Class  III. 

12  gunners'  haversacks. 

10  handspikes,  trail. 

24  lanyards. 

12  priming  wires. 

8  paulins,  12  by  15  feet. 

5  x)endulum  hausses. 

5  penduhimhausse  seats. 

5  i>endulum  hausse  pouches. 

4  sponges  and  rammers  for  12-pounder  gun. 

20  sponges  and  rammers  for  3-inch  rifled  guns. 

4  sponge  covers  for  12-pounder  gun. 

20  sponge  covers  for  3-inch  rifled  guns. 

12  tompions. 

24  thumbstalls. 

12  tube-pouches. 

12  vent  covers. 

Class  VI. 

80    Springfield  rifles,  caliber  .45.  . 
990    Springfield  cadet  rifles,  caliber  .45. 
38    non-commissioned  officer's  swords. 

Class  VII. 

920    bayonet  scabbards. 

920    cartridge  boxes. 

920    waist  l^lts  and  plates. 
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16  waist  belts  and  plates,  N.  C.  O. 

16  sliding  frogs,  N.  C.  O.  waist  belts. 

22  shoulder  belts  and  plates,  N.  C.  O. 

Class  VIII. 

200  blank  cartridges  for  12-pounder  gun. 

500  blank  cartridges  for  10-pounder  gun. 

650  blank  cartridges  for  6-pounder  gun. 

1, 100  blank  cartridges  for  3-inch  gun. 
1, 000  *  rifle  blank  cartridges,  caliber  .50. 

2, 000  carbine  blank  cartridges,  caliber  .50. 

29,T)00  carbine  blank  cartridges,  caliber  .45. 

27, 600  carbine  ball  cartridges,  caliber  .45. 

T,  400  friction  primers. 
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Btpart  of  action  taken  under  the  act  of  March  3, 1881,  during  the  fiscal 

year  ended  June  30,  1885. 

SOLD. 

To  F.  H,  Smith, 
VSdA. 

Not.  1.  500  ponnds  mortar  powder  from  broken-np  ammanition,  at  Scents 

per  XN>imd ,. |40  00 


Mmj  88.  400  pounds  mortar  powder  from  broken  up  ammanition,  at  8  cents 

per  pound 32  00 

Total  proceeds..  72  00 

PURCHASED. 

From  E.  I.  Du  Pont  de  Nemours  4'  Co. 
1884. 

Jnlj  7.  100  pounds  hexagonal  powder,  at  25  cents  per  pound $25  00 

KoT.  24.  200  ponnds  square  powder,  at  25  cents  per  pound 50  00 

From  B,  B,  Hotohkias, 

Hot.  24.  6,225  pounds  brown  prismatic  powder,  at  iof^c  cents  per  pound. .    2, 833  76 

Total  purchased . .     2, 908  76 
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REPORT  OF  THE  ORDNANCE  BOARD  ON  TEST  OF  Q-INCH  SHELLS  FIRED 

BY  THE  DYNAMITE  PROJECTILE  COMPANY, 

(1  plate.) 

A  letter  from  the  Chief  of  Ordnance,  dated  Washington,  January  29, 
1884,  was  presented  to  the  Board  by  Mr.  F.  H.  Snyder,  General  Mana- 
ger of  the  Dynamite  Projectile  Company.  The  letter  stated  that  Mr 
Snyder  might  desire  to  borrow  a  gun  to  make  exi)eriment8  with,  and 
Btated  further  that  the  subject  was  important  and  should  receive  careful 
attention  and  consideration.  After  an  interview  with  Mr.  Snyder  the 
Boanl  wrote  to  the  Chief  of  Ordnance  recommending  that  a  light  12- 
pounder  bronze  gun  should  be  loaned  by  the  Government  in  order  that 
preliminary  experiments  might  be  made.  This  recommendation  was 
approved. 

May  15,  1884,  Mr.  Snyder  wrote  to  the  Board  requesting  that  he 
might  be  furnished  with  two  6-inch  guns  for  experimental  use  at  Sandy 
Hook  in  firing  shells  and  water  projectiles  charged  with  d.vnainite,  in- 
dicating a  Moffatt  6inch  breech  loading  rifle  and  a  24pounder  smooth- 
bore gun,  bored  up  to  6  inches,  as  the  pieces  he  would  prefer.  He  fur- 
ther requested  that  he  might  be  permitted  to  use,  when  not  otherwise 
engaged,  some  of  the  shop  tools  at  Sandy  Hook  for  fitting  and  repairs  of 
shells  after  trial.  The  Board  favorably  recommended  all  these  requests, 
stipulating,  however,  that  the  24-pounder  gun  should  be  bored  up  from 
5.82  to  6  inches,  at  the  expense  of  the  Dynamite  Projectile  Company, 
and  the  recommendation  was  approved  by  the  Chief  of  Ordnance. 

The  guns  used  in  the  trials  were  those  above  referred  to.  As  they 
were  in  no  respects  subjects  of  trial,  no  description  of  them  is  given. 

The  powder  was  of  the  E.  V.  M.  type,  density  1.750,  granulation  72, 
this  being  the  slowest-burning  hexagonal  powder  on  hand. 

The  projectiles  were  of  two  kinds,  one  being  a  brass  shell  fastened  to 
the  hea<l  of  a  long  wooden  spar.  This  was  intended  for  naval  use,  and 
the  rounds  fired,  although  given  in  the  firing  record,  are  not  inrther 
adverted  to.  The  other  projectile  intended  for  use  in  the  Army  is  illus- 
trate<l  in  Plate  1. 

The  projectile,  Plate  1,  consists  of  a  brass  shell  (S),  with  its  base  sur- 
ronndeii  by  a  brass  ring  (R),  into  which  a  wooden  cylinder  (C)  is  inserted 
and  fastened  by  screws ;  this  cylinder  rests  upon  a  rubber  buffer  (B),  fin  ted 
on  the  exterior  and  containing  longitudinal  cylin<lrical  i)erforations;  the 
bafler  is  surrounded  by  a  hollow  brass  tube  (T)  which  fits  it  closely,  and 
finally  a  series  of  discs  composed  of  alternate  layers  of  copper  (D)  and 
paper  (D^)  acts  as  a  wad  and  is  inten<ied  to  close  the  bore  so  that  the 
powder  gas^  may  not  pass  over  the  i)rojectile.  The  shell  is  coated  on 
the  interior  with  paraffine  and  pitch  to  insure  a  smooth  surface.     By 
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varying  the  proportion  of  rubber  in  the  buffer  and  the  diameters  of  the 
perforations  its  stiffness  can  be  reguhited. 

The  trial  commenced  July  25,  1884,  when  a  shell  tilled  with  sand  was 
fired  down  the  beach  with  a  4  pound  charge.  The  total  weight  of  the 
projectile  w^th  all  its  parts  was  34  pounds  14 J  ounces.  The  object  of 
this  shot  w^as  to  try  the  working  of  the  buffer.  On  August  16  a  shell 
said  to  contain  8  pounds  8^  ounces  of  dynamite  w^as  tired  down  the  beach 
with  a  3  pound  charge.  It  struck  about  200  yards  from  the  gun,  break- 
ing into  fragments  and  scattering,  but  not  exploding  the  dynamite.  A 
second  shell,  said  to  contain  8  jmunds  Si  ounces  of  dj'namite,  was  then 
fired  with  a  3-pound  charge.  This  exploded  in  the  bore  and  destroyed 
the  gun. 

The  representatives  of  the  Dynamite  Projectile  Company  had  made 
the  projectiles  from  their  own  plans  and  at  their  own  expense.  They 
stated  that  they  were  of  the  opinion  that  the  shells  were  too  thin  and 
that  the  explosion  had  resulted  from  the  rupture  of  the  brass  case. 

In  a  letter  of  August  28  Mr.  Snyder  requested  that  the  Government 
should  rebore  a24-poundergun  to  6  inches  caliber,  and  supply  him  with 
some  projectiles  similar  to  those  previously  fired,  but  with  thick  walls. 
The  Board  considered  it  possible  that  the  rupture  of  the  gun  had  been 
caused  by  the  yielding  of  the  walls  of  the  shell,  and  to  settle  any  doubt 
on  this  subject  recommended  that  Mr.  Snyder's  request  for  another  gun 
and  new  projectiles  prepared  at  the  expense  of  the  Government  should  be 
granted,  which  recommerulation  was  approved  by  theChief  of  Ordnance 
September  KJ.  1884. 

The  rubber  buffers  were  made  as  was  prescribed  by  Mr.  Snyder.  To 
compensate  for  the  increased  weight  of  the  projectile,  the  walls  of  the 
shell  were  made  0.52  of  an  inch  thick. 

On  October  10,  two  rounds,  and  on  October  16  one  round  was  fired 
with  3-pound  charges,  the  shell  containing  sand;  these  rounds  being  in- 
tended to  determine  the  best  form  of  butter  to  be  used. 

In  the  fourth  round  of  this  series  a  shell  said  to  contain  7  pounds  8 
ounces  of  dynamite  was  tired  over  the  WHter  and  did  not  burst  on  strik- 
ing. Tiie  fifth  round,  fired  with  the  same  charge  and  a  shell  said  to 
contain  7  pounds  of  dynamite,  was  then  fired  against  a  thick  iron  plate 
and  exploded  with  great  violence,  but  did  no  appreciable  damage ;  the 
sixth  shot  fired  against  the  same  plate  i)assed  through  an  old  hole  in 
the  target  and  exploded  on  striking  the  wood  backing,  causing  but  little 
injury.  At  the  seventh  round  a  shell  said  to  contain  8  pounds  8  ounces 
of  dynamite  w^as  fired  at  the  plate  but  missed  it.  The  same  shell  was 
fired  in  the  eighth  and  ninth  rounds,  and  in  the  latter  case  striking  the 
backing  at  one  side  of  the  target  exploded.  The  distance  from  the  piece 
to  the  target  in  the  fifth,  sixth,  seventh,  eighth,  and  ninth  rounds  was  but 
100  yards;  but  the  charge,  3  pounds,  was  so  small  as  compared  with  the 
mass  projected,  which  weighed  about  60,  that  the  firing  was  very  inac- 
curate. It  was  determined,  therefore,  that  a  larger  charge  would  have  to 
be  used,  and  8  pounds  was  fixed  upon,  this  being  between  one-seventh 
and  one  eighth  the  weight  of  the  projectile,  and  considerably  less  than 
the  char;;es  of  smooth  bore  guns,  even  when  comparatively'  quick-burn- 
ing powders  were  used. 

A  preliminary  round  with  a  shell  containing  16  pounds  8  ounces  of 
sand  was  fired.  The  resulting  pressure  was  less  than  18,000  pounds. 
The  shell  was  recovered  uninjured,  showing  that  it  was  amply  strong  to 
endure  the  shock  of  discharge  without  rupture. 

In  the  thirteenth  round  the  shell  was  loaded  under  the  supervision 
of  an  officer,  and  was  found  to  contain  exactly  6  pounds  12  ounces  of 
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d^^amite,  a  smaller  quantity  than  hail  been  heretofore  rei)orted  iu  any 
of  tbe  shells  firM.  The  charge  was  as  in  the  preceding  round  8  pounds; 
the  total  weight  projected  from  the  gun  by  this  charge  was  61  pounds 
8  ounces.     In  this  round  the  gun  was  destroyed. 

It  will  be  seen  from  the  above  recital  that  every  facility  has  been 
afforded  to  the  Dynamite  Projectile  Company,  and  moreover  every  pre- 
caution suggested  by  them  was  taken.  The  Board,  after  firing  several 
rounds  with  3  |>ounds  of  powder,  however,  directed  that  a  more  suitable 
charge  should  be  used,  as  has  been  already  remarked. 

In  conclusion,  the  Boai*d  would  state  that  it  is  impracticable  to  fire 
shells  containing  <;ommercial  dynamite  from  a  smoothbore  gun  when  a 
suitable  powder  charge  is  used,  under  the  system  proposed  by  the 
Dynamite  Projectile  Company. 

Although  previous  experiments  by  the  Board  have  indicated  that 
explosive  gelatine  can  be  successfully  fired  from  an  8-inch  riile  with  a 
charge  of  40  pounds  of  powder,  and  therefore  could  be  safely  employed 
in  this  case  instead  of  commercial  dynamite,  yet  the  Board  does  uot 
consider  that  any  trial  with  it  in  this  system  would  be  of  any  value, 
because  tbe  projectile  employed  possesses  so  little  penetrative  power. 
This  system,  furthermore,  is  very  complicated  and  expensive,  and  the 
BoMd  does  not  recommend  further  experiments  with  it,  as  simpler  and 
lets  costly  methods  promise  greater  and  more  valuable  results. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance, 
CHARLES  SHALBR, 

Captain  of  Ordnance, 
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TEST  OF  15-INCH  QUN-CABRIAOE  ALTERED  AT  WATEBTOWN  ARSENAL, 

BY  THE  ORDNANCE  BOARD. 

Ad  indorsement  by  the  Chief  of  OrdnaDce  dated  Jane  11,  1884,  re 
latin^  to  a  15  inch  carriage  with  a  hydraulic  cylinder,  model  of  1884, 
completed  at  Watertown  Arsenal,  directed  the  Board  to  make  such 
testM  of  the  carriage  as  might  be  deemed  necessary  and  to  report  the 
results  to  the  Ordnance  Office. 

The  carriage  is  in  general  the  same  as  the  one  described  and  illus- 
trated in  the  Report  of  the  Chief  of  Ordnance  for  1883,  page  384  et  8eq.j 
with  the  modifications  recommended  in  that  report,  except  that  the  re- 
traction gear  was  left  unchanged.  Furthermore,  the  rack  for  retaining 
the  carriage  after  recoil  was  attached  to  the  top  carriage  instead  of  to 
the  chassis,  this  change  being  necessitated  when  the  chassis  rails  were 
placed  directly  under  the  cheeks  of  the  carriage.  Thus  arranged  the 
space  left  outside  the  shoe-plate  was  not  wide  enough  to  furnish  a  sup- 
port for  the  rack. 

The  trial  commenced  October  1,  1884,  and  consisted  in  firing  sixty 
nmods  with  one  hundied  and  thirty  pounds  of  E.  Y.  M.  powder  under 
angles  of  from  2^  to  23^,  the  latter  being  the  highest  elevation  obtainable. 
nie  accompanying  firing  record  gives  a  detailed  account  of  the  trial. 

The  carriage  as  a  whole  worked  satisfactorily,  but  in  the  course  of  the 
ftriog  certain  defects  were  found  to  require  alteration. 

The  cylinder  transoms  were  made  of  steel.  Three  sets  broke,  a  fourth 
•et  was  cracked.    These  should  hereafter  be  made  of  wrought  iron. 

The  piston-head  as  furnished  was  too  small  and  did  not  restrain  the 
leooil  sufficiently.  It  should  have  the  same  diameter  as  in  the  original 
carriage. 

The  liquid  escaped  at  the  joint  of  the  rear  cylinder-head.  A  groove 
dioald  be  turned  in  this  joint,  one-half  in  the  face  of  the  cylinder,  one- 
half  in  the  face  of  the  head,  and  steam  packing  should  be  placed  in  this 
groove  before  boliing  the  head  to  the  cylinder.  It  is  thought  that  this 
will  prevent  leakage.  The  leakage  through  the  stuffing-box  for  the 
|H»ton  is  unim[M)rtaut  in  quantity. 

The  screws  in  the  props  under  the  center  of  the  chassis  were  upset 
mod  their  ends  made  a  deep  impresHion  on  the  upper  face  of  the  traverse 
dnrle.  They  will  therefore  have  to  be  rejected  and  if  possible  an  ad- 
jiii>table  plate  should  be  substituted. 

The  retraction  gear  recommended  on  page  387,  Eeport  of  Chief  of 
Onluance  for  1883,  should  be  applied  to  carriages  hereafter  constructed. 

It  will  be  observed  from  the  firing  record  that  guide  plate  bolts  were 
broken  twice.  An  examination  of  these  bolts  appeared  to  indicate  th.it 
the  in>n  was  of  an  inferior  quality  or  had  been  injured  in  the  forging. 
All  lM)lts  should  be  of  the  very  best  material  obtainable.  It  has  been 
found  by  some  years'  experience  at  Sandy  Hook,  that  Burden's  best  iron 
u  verj-  satisfactory  for  bolts. 

In  other  respects  the  carriage  and  chassis  gave  satisfactory  results. 

T.  G,  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEOEGE  W.  McKEE, 

Major  of  Ordnance. 
OHAELES  SHALER. 

Captain  of  Ordnance. 
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TEST  OF  IS-INCH  QUN-CARRIAQE  ALTERED  AT  WATERTOWN  ARSENAL, 

BY  THE  ORDNANCE  BOARD, 

An  iDdorsement  by  the  Chief  of  Ordnance  dated  Jane  11,  1884,  re 
latin^  to  a  15  inch  carriage  with  a  hydraulic  cylinder,  model  of  1884, 
completed  at  Watertown  Arsenal,  directed  the  Board  to  make  such 
testM  of  the  carriage  as  might  be  deemed  necessary  and  to  report  the 
results  to  the  Ordnance  Office. 

The  carnage  is  in  general  the  same  as  the  one  described  and  illus- 
trated ill  the  Rei>ort  of  the  Chief  of  Ordnance  for  1883,  page  384  et  8eq»j 
with  the  modifications  recommended  in  that  report,  except  that  the  re- 
traction gear  was  left  unchanged.  Furtherhiore,  the  rack  for  retaining 
the  carriage  after  recoil  was  attached  to  the  top  carriage  instead  of  to 
the  chassis,  this  change  being  necessitated  when  the  chassis  rails  were 
placed  directly  under  the  cheeks  of  the  carriage.  Thus  arranged  the 
tpace  left  outside  the  shoe-plate  was  not  wide  enough  to  furnish  a  sup- 
port for  the  rack. 

The  trial  commenced  October  1,  1884,  and  consisted  in  firing  sixty 
loands  with  one  hundred  and  thirty  pounds  of  E.  Y.  M.  powder  under 
angles  of  from  2^  to  23^,  the  latter  being  the  highest  elevation  obtainable. 
The  accompanying  firing  record  gives  a  detailed  account  of  the  trial. 

The  carriage  as  a  whole  worked  satisfactorily,  but  in  the  course  of  the 
Iring  certain  defects  were  found  to  require  alteration. 

T^  cylinder  transoms  were  made  of  steel.  Three  sets  broke,  a  fourth 
iet  was  cracked.    These  should  hereafter  be  made  of  wrought  iron. 

The  piston-head  as  furnished  was  too  small  and  did  not  restrain  the 
leeiiil  Hafficiently.  It  should  have  the  same  diameter  as  in  the  original 
carriage. 

The  liquid  escaped  at  the  joint  of  the  rear  cylinder-head.  A  groove 
ihoald  be  turned  in  this  joint,  one-half  in  the  face  of  the  cylinder,  one- 
half  in  the  face  of  the  head,  and  steam  packing  should  be  placed  in  this 
groove  before  bolting  the  head  to  the  cylinder.  It  is  thought  that  this 
will  prevent  leakage.  The  leakage  through  the  stuffing-box  for  the 
pittfon  is  auim[H)rtant  in  quantity. 

The  screws  in  the  props  under  the  center  of  the  chassis  were  upset 
and  their  ends  made  a  deep  impression  on  the  upper  face  of  the  traverse 
dnrle.  They  will  therefore  have  to  be  rejected  and  if  possible  an  ad- 
Jiutable  plate  should  be  substituted. 

The  retraction  gear  recommended  on  page  387,  Report  of  Chief  of 
Onluance  for  1883,  should  be  applied  to  carriages  hereafter  constructed. 

It  will  be  observed  from  the  firing  record  that  guide  plate  bolts  were 
broken  twice.  An  examination  of  these  bolts  appeared  to  indicate  thiit 
the  in>n  was  of  an  inferior  quality  or  had  been  injured  in  the  forging. 
All  liolts  should  be  of  the  very  best  material  obtainable.  It  has  been 
found  by  some  years'  experience  at  Sandy  Hook,  that  Burden's  best  iron 
is  very  satisfactory  for  bolts. 

lu  other  respects  the  carriage  and  chassis  gave  satisfactory  results. 

T.  Q.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEOEGB  W.  MoKBB, 

Major  of  Ordruinoe. 
GHABLES  SHALEB. 

Captain  of  Ordnance. 
4625  DSD 6  66 
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THAYBRS  DIRIGIBLE  BALLOON.     BY  TEE   ORDNANCE  BOARD.   ■ 
(Fiveplfttee.} 

A  letter  from  the  Chief  of  Ordnanoe,  dated  Janaary  23, 1885,  stated 
that  the  Secretary  of  War  had  invited  Mr.  Russell  Thayer,  of  Pbila* 
delphia,  to  appear  before  the  Orduao'ce  Board  to  explain  his  invention 
for  the  propQlaion  of  balloons  at  a  high  rate  of  speed,  aad  the  same  let- 
ter diretsted  the  Board  to  give  to  Mr.  Thayer  au  interview,  examine  his 
plans,  and  make  a  report  thereon  to  the  Ordnance  Office. 

Ur.  Thayer  appeared  before  the  Board  and  read  a  paper,  herewith  in* 
closed,  describing  his  inventions,  and  also  presented  his  patents,  with 
roeciflcations  covering  the  same.  The  Board  does  not  agree  witb  Mr. 
I^ayer  as  to  the  reasons  given  for  the  movement  of  his  balloon,  bot 
after  consideration  of  his  plans  deems  them  feasible  and  worthy  of  trifU, 
in  view  of  the  great  value  and  importance  of  snch  a  machine  for  war 
porposea  if  it  can  be  made  to  work  practically.  The  trial  in  order  to 
be  complete  and  satisfactory  should  be  made  with  a  machine  of  a  Bof- 
Acient  size  to  prove  its  efficiency  nnder  all  ordinary  circumstanoeB. 
The  Board  therefore  recommends  that  a  machine  of  aboat  7  tons  as- 
oendiag  force  be  coDstructed  and  trials  be  made  with  it.  The  coat  of 
this  machine  complete  is  understood  to  be  about  i'>fiW). 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 
GEO.  W.  McKEE, 


r 
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Tbe  extreme  thiiineM  and  elnHtlcity  nf  the  lu^liti  

baffled  tlia  iugeniiit;  of  the  cnjfiiieeT  auil  iiivenCur  \a  tbe  application  o 
the  propnUioD  of  tbe  aerial  Bbi|i. 

All  methods  of  propnlBion  taeretofare  kaown  liave  been  tried  and  been  found  Wftnt- 
ing.  Tbe  idea,  id  every  instance,  baa  been  to  appty  aHurfacu  of  Home  resisting  mat- 
*ir  endoned  witb  foroe  ngalnal  the  air.  the  objeet  in  view  beine  to  obt&ln  thereh;  a 


reactive  force  that  would  propel  the  air-ihip  through  the  atmosphere.  iKuoraiit  per- 
MDB  have  HUK);eiited  (vlinela,  oara,  aad  Hitnilar  coDtrivanceii,  while  acoompllBbttd  eoKi- 
iiieeTs.ait  DeLoineaud  6i&*i>rd,  have  tried  to  adopt  the  propeller  to  the  solution  of  tne 
problem.  All  attempt*  heretofore  mads  have  practically  been  failures,  althonjjh  to- 
Mr.  Henri  Gifford,  the  celebrated  French  engineer,  the  credit  of  first  attemptlug  to 
Appljr  iteam  for  the  prupulaion  of  a  dirigible  ball  nun  can  he  given. 

Anothor  moat  important  point  in  the  linikl  solution  of  tbe  problem  must  be  here 
mferriid  to,  viz,  that  it  is  ouly  within  tbe  last  few  years  that  it  has  become  possible  to 
eonatract  machinery  of  Rruat  power  and  eitrtimn  lightness  cninbined  with  strength. 

Hr.  William  Pole,  F.  K.  8.,  M.  Inst.  C.  E.,  In  the  year  It^  read  a  paper  before  tho 
Iiutltotibn  nf  Civil  Engineers  of  Great  Britain,  and  disousaeil  in  a  practioal  mannar 
the  prublotn  of  aerial  navigation.    The  coqcIiihIoiis  reached  by  blin  were  lu  follows, 

(1)  The  problem  of  anrial  navigation  by  hallnona  is  ono  as  perfectly  amenable  to 
meobsnicol  investigation  as  that  of  aquatic  navigation  l>f  floating  vesselN,  and  its 
•ncKMwafuI  Bolntion  involves  nothing  nnrouaonable  or  inoonsisteut  with  the  teachings 
t(  nitwbnnical  aotence. 

Fi(!t]lthas  bean  fiillv  eatablisbsd  byuxperiment  that  it  is  pusHlblo  to  design  and 
^stmetKballoiin  wbieh  shall  possess  the  oonditloiis  noc»a»ary  for  aerial  naviKation, 
I,  wbiob  shall  have  a  fcirni  of  small  resiatauce,  should  lie  stnblfl  and  easy  tii  manage, 
d,  if  driven  through  tbe  air,  shall  be  capable  of  Htuerln};  by  a  pmper  obedience  of 
flmdder. 
f  (3)  Snfficient  data  exist  to  enable  an  approximate  estimate  to  bo  mode  of  tbe  power 
hoBMiwy  to  pro|Ml  Kiioh  a  balloon  with  any  given  velnnity  tbrougli  the  air. 
HA)  The  recent  re^luction  in  the  weicbt  of  atuammotorB  has  rendernd  it  possible  to 
^~T  with  the  liulliKin  an  amount  of  power  sufSciiint  tu  ]iroducu  modorately  higb 
gd.saySO  or  30  miles  an  hour  through  tbe  air,  and  by  takin};  ailvantage  ot'^other 
mi  Improvements  it  would  also  be  possible  ti>  carry  a  mndorate  supply  of  fuel  and. 
turfoT  the  wurkliif;, 

^)  Thn  practical  difBcnlties  in  the  wuy  are-  only  such  a^  naturally  arise  in  the  ex- 

l^on  tit  former  successful  trials,  and  sncb  as  may  masanably  be  expected  tu  givo 

_J  before  akill  and  experience, 

HT.  Pole'aeu  tire  investigation  of  the  subject,  and  the  do  a  olnsions  deducted,  are  hosed 

"^  ~      ~    V  propeller  as  I'uruuihiug  a  practical  moaus  for  the  prupnlslou  of  aa  aerial 

A-glsDoo  at  the  tahnlar  results  reached  liy  him  sboi^a  that  as  a  maaus  of  applying 

•  H>rM  KfneralMl,  the  at.e«iu-propellHr  is  a  ino-<t  uutuitalile  and  imnr.iaticable 
-Sehlos,  Fancy  a  propeller  dO  ffet  iu  diameter  (the  slse  re(|iiired  for  a  large  aerial 
Up)  M>d  oonveying  a  thrust  of  3, OOI)  pounds.    The  difficulties  of  constructing  such  an 

Ugcmsht  that  would  be  of  sulBcieiit  lightness  aud  strengtb,  and  at  the  same 
«inaasgeab1e,  arc  insurmountable  and  preclude  its  use  for  the  purpose  in  qaea- 

ha  propeller  is  a  most 

mpreasible  fluid  like  .      ,        -   .-  „  ,  ._ 

Ily  nnsnited  for  tbe  propulsion  of  bodies  iu  an  extremely  Httonuatod  and  elastic 
neilinm  ss  the  air. 

Tbe  conditions  which  obtain  in  regard  to  a  body  floating  in  the  air  are  similar  to 
those  which  exist  in  the  case  of  a  ship  floating  in  the  water.  In  both  instances  the 
structure  is  supported  iu  tbe  medium  in  which  it  floats,  against  the  action  of  the 
*  rue  of  gravity,  liy  tbe  weight  of  the  fluid  displaced,  this  weight  acting  vertically 
^«rds  m  opposition  to  the  force  of  gravity  acting  vertically  downwards  tbronga 
poenier  of  gravity.    The  force  octiug  vertically  npwardeand  sustaining  the  bodylu 

•  flntd  ii  called  the  "buoyant  effort,"  audits  intensity  iseqnalto  the  weight  of  the 
'''d  displaced.     Its  liue  of  direction  passes  through  thecenter  of  gravity  of  the  dis- 

"Md  fluid,  and  this  point  is  cnlied  the  eeutor  of  buoyancy.  Tbe  following  couolo.- 
isresnlt  from  a  thorough  iovcBtigatiim  of  this  bronoh  of  the  subject,  viz: 
"  Tho  nrewiires  upon  the  surface  nf  a  burly  immersed  in  a  fluid  have  a  single  re- 
..t  ualled  the  "buoyant  effort,"  andthisreBnllBat  is  directed  vertically  upwards. 
The  bnuyant  elfoft  is  equal  in  intsusity  to  tbu  weight  of  the  fluid  displaced. 
Tbe  IliiBof  direotion  of  the  buoyant  effort  passos  throngb  the  center  of  gravity 
displaced  fluid. 

Tbe  boritoutal  pmssurea  dnstroy  ono  anotbnr. 
pwl  to  tbe  equilibrium  oftbu  fluatiuu  bmly.  I  lUttyBl.atu  that  It  will  Ihi  stable 
M  the  center  of  gravity  of  the  body  is  below  that  of  Ihe  displaced  llnid.     In 
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the  aerial  ship  that  I  have  desigaed  this  ooudition  will  be  always  fnlfiUed,  and  con- 
seqneDtly  the  stractiire  caiiaot  capsize. 

Practical  eiperiiDBDta  and  mathematical  dedactioDB  prove  that  the  best  shape  for 
the  buoyaot  portion  of  the  etmolure  tinder  dincussiou  is  that  of  a  circular  spindle  in 
Which  L  ^  3|  d,  L  representin);  thu  longer  or  horizontal  axis  and  d  the  diameter  amid- 
ships.  This  shape  will  give  the  least  resistance  to  mntion  through  the  air,  will  com- 
ply with  theoonditiODS  of  stable  eqnilibriam,  antt  will  give  good  steering  qualities. 

The  ascending  force  of  tlie  gas,  hydrogen  beinz  need,  will  be  represented  by  the 
expresaton  A  if  7,  iu  which  d  and  1  represent  quantities  as  above  and  A  being  a  coeffl- 
cient  depending  upon  the  shape  of  the  vessel  and  on  the  specilic  gravity  of  the  gaa 
compared  with  that  of  the  surrounding  air.  Supposing  pure  hydrogen  gas  to  be  used, 
the  levity  of  1  cubic  foot  =  0.0751  of  a  pound,  and  with  the  shape  above  given  the 
ascending  force  determined  by  actual  eiperimenta  may  be  representeil  by  the  expres- 
sion 0.03  (f  J. 

The  resistance  of  the  ship  to  motion  through  the  air  has  been  accurately  determined 
by  three  methods,  viz,  by  the  niidshlp-area  calculation,  skin -friction  calculation,  and 
cable-displacement  calculation ;  and  based  upon  the  conditions  that  1  ^3}  d,  the  fol- 
lowing resistauceB  have  been  obtained,  viz ; 

By  the  midship  area  =  0.000173  d<  v' 

By  the  akin  friclion  =  0.000173  (f  e* 

By  the  cnbic  diaplacemeDt =0.000211  cP  v' 

in  which  d  represenls  as  above  and  f  ^velocity  in  feet  per  second  of  time.     Taking  a 

mean  of  the  two  last  expressions  (the  largest),  the  formula  giving  the  r    '  ' 

the  motion  forward  through  the  atmosphere  becomes  X  =  0.00019"^  (P  t^ 


To  return  now  to  the  subject  of  the  propelling  force,  I  will  observe  that  the  idea  of 
beating  the  air  (a  medium  of  eitreme  rarity)  witlt  a  propeller  iu  order  to  generate  ft 
reactive  force  forward  is  impracticable,  not  only  on  account  of  the  practical  difficulties 
In  the  way  as  before  saggested,  bat  also  and  principally  by  reason  of  the  uasabstan- 
tial  character  of  the  uiedium  upon  which  Cho  furije  is  uiaile  to  act  and  the  great  waste 

!f  power  resulting  from  any  snob  method.    After  careful  invextigutiou  of  thesabjeot 
was  forced  to  adopt  the  conclusion  that  the  propelliug  force  must  reside  la  the  motor 
itself,  and  must  be  applied  within  itself  Id  such  a  manner  as  to  promote  motion  fi»- 

The  action  of  the  motor  is  entirely  independent  of  extraneous  conditions,  aad  will 
produce  high  rates  of  motion  without  applying  force  agaiuat  any  extraneous  resisting 
medium. 

In  all  ordinary  applicatiiins  of  force  to  produce  motion  we  aee  the  force  generated 
applied  against  noma  rosi  ji.ing  subrtCanoe.  The  sie^tmboat  in  propelled  by  the  reaction 
reaulting  from  the  action  uf  the  blade  of  the  paddies  or  screw  upon  the  deuse  medium 
of  the  water.    The  liKjoumtive  engine  moves  forward  by  roaaon  of  the  peripher' * 
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ky,  100  poundH  bi  uucb  square  inoh;  auppoae  the  areauf  each  c,vlinder-head  =  10 
Bqatire  iuohi's.  Under  I.bcae  olrciinistaDces  the  total  preaaiire  on  the  head  a  h  will 
!=  10  b.v  lOU^  1,000  {lounds.  On  the  head  cd  there  will  he  only  9  aqnare  inched  unon 
which  the  force  within  the  cylinder  can  not:  conseqneuily  the  iiroaaure  on  r.hia  end  of 
the  aylii)der^=U  by  lOO^BOU  [luiimlfl.  All  the  othei  forces  within  the  cylinder  are  in 
»  oondition  of  eqiiilibrinni,  for  the  reason  that  they  are  all  actiag,  respectlTel;,  in 
dir«Otly  opposite  dinotions  and  are  equal.  Therrroro,  the  rnsiiltant  of  forces  =  1,000 
ponnilB  —  9U0  poiinils  =  100  poumlH,  acting  in  the  tlityctbn  B  A,  and  thlt  proilncea 
motiou  in  that  direction  due  to  said  n-sultuat. 

We  have  here  guiieriiMil  a  powiTfiil  furoe,  and  applied  it  in  suoh  a  way  as  to  pro- 
done  motion  with  the  siuiplMt  pooHibie  m»ohaiiiiim  and  entirely  Indepondont  of  estrft- 
neous  uonditioDs. 

Motion  can  be  pruduoed  by  this  prineiple  in  a  perfect  vaaoiitn,  remote  trom  tbe 
reach  and  Infloenoe  of  all  terreHtrlal  objects ;  iiideod.  it  i»  evident  that  In  a  Taonum 
tbe  motion  of  a  body  iiupelltHl  by  the  action  at  a  force  reni dent  within  the  motor 
itself,  by  the  principle  above  deitoribt>d,  wonld  be  at  a  far  higher  rate  of  speed  thui 
wonld  be  tbe  case  in  tbe  air,  for  tbe  teaion  that  the  medinm  in  whioh  tbe  body  is 
traveling,  viz,  the  air,  oSers  uunsiilerable  resistauce  to  motion  dne  to  ftiotion. 

The  motor  I  have  devised  enables  me  to  accumalate,  prodnoe,  and  apply  an  ex- 
tremely powerfhl  force.  It  connists  esaentially  of  a  high-speed  air-coni pressor  oou- 
Eled  directly  to  a  specially  deaiKned  gas-engine,  and  a  reservoir,  called  an  accnma- 
ktor,  Into  which  the  compressed  air  JH  forcul.  The  rear  end  of  ttiia  reservoir  is  so 
ftmnged  that  at  given  intervals  of  time,  a  few  seconds  apart,  tbe  confiued  energy  is 
anddenly  tvleased,  thus  producing  a  powerful  motive  thmst  forward,  due  ti>  the  faot 
of  the  unstable  condition  of  enuilibriam  of  forces  at  tbe  instant  of  discharge,  Tbe 
Bmonnt  of  power  ibus  rendered  available  is  dependent  upon  tbe  size  of  tbe  reservoir 
and  il«  diecbnrge.  It  is  also,  of  course,  a  function  of  the  time  of  charging  and  the 
nambei  of  Htrolte«  of  tbe  engine  made  therein.  In  the  motor  here  described  for  aerial 
navigation  tbe  impact  of  the  escaping  air  or  vapor,  onder  high  pressure,  against 
tli«  panicles  of  the  surrounding  air  in  which  the  body  is  tloating,  tends  tu  increase 
thetMnltant  action  forward;  but  I  he  principal  portion  uf  the  motion  forward  is 
cansed  by  tbe  continuous  condition  of  unstable  e<)uilibrinm  offerees  producing  a 
remltantaction,  an  abovedescribed,  in  a  given  direction.  The  reaction  resulting  from 
the  impactof  the  escaping  gas  upon  tbe  particles  of  tbe  eurmunding  medium  is  small 
in  comparidon  with  the  resultant  of  the  forces  iu  unstable  equilibrium,  but  slight  aa' 
it  is  it  acts  in  the  proper  direction. 

I  regard  tb«  aperture  al  tbe  rear  of  the  motor  mainly  as  a  means  for  tbe  escape  of 
the  wasted  eoergy ;  its  size  is  so  proportioned  as  to  prodnoe  the  maximum  condition  of 
noatable  equilibrium  of  forces. 

I  will  now  proceed  to  a  description  of  the  dirigible  balloon,  the  plans  of  which  ao- 
company  this  paper.  As  will  be  seen  from  the  drawings,  it  consists  essentially  of  two 
ponjoos.  The  buoyant  port,  which  corresponds  to  the  linll  of  a  water  ship,  is  made  of 
enperpoaed  tissues  of  strong  si  lit  and  rubber,  and  tbe  shape  is  that  of  a  circular  spin- 
dle, in  which  the  long  borisontal  ails  =  3f  times  the  length  of  tbe  diameter  amid- 
eblpa ;  this  structure  is  Hlled  with  hydrogen  eaa. 

The  deck  of  tbe  ship,  npon  whioh  tbe  machinery  is  located,  and  where  men  with 
dynamite  percussion  cartridges  or  a  Gatling  gun  can  be  placed,  is  below  tbe  buoyant 
part  of  tbe  struutnre,  and  is  firmly  supported  therefrom  and  braced  thereto,  as  shown. 
Opposite  the  center  of  tbe  ship  there  is  a  lower  deck,  completely  inclosed  and  sep- 
arsud  fiom  tbe  rest  of  tbe  structnre,  iu  which  the  power  is  located.  From  tbe  cylin- 
der of  the  motor  a  pipe  leads  all  or  part  of  the  wasted  energy  utilised  in  the  prodao- 
tlon  of  motion  to  the  stem  of  the  ship,  and  is  there  terminated  by  a  nox/le  fitted  on 
a  ball  and  socket  joint.  This  arrangement  periuits  tbe  nozzle  to  be  moved  in  any  direo- 
tion  at  pleasure,  and  by  a  movement  of  tiie  nozzle  from  the  wheel  tbe  ship  may  ba 
Steered  in  any  direction  tliat  may  be  desired,  thus  avoiding  tbe  necessity  for  any 
radder. 

While  tbe  machinery  is  in  motion  and  tbe  force  is  being  generated  the  sliij)  is  un- 
der perfect  control  anil  can  be  directed  in  any  course  that  may  be  required.  It  is  not 
necesiiary  that  the  entire  ntiionut  of  wasted  energy  nliould  be  discharged  at  the  stem 
of  the  ship  and  used  for  steering,  and  it  is  preferable  not  to  do  this,  but  to  discharge 
the  air  ur  vapor  near  the  motor  and  thus  avoid  the  friction  in  the  tnlw;  a  portion 
•otBcient  only  to  give  good  steering  power  Hlioiitd  be  taken  to  the  noxzle  at  tbe  at«m. 
Id  the  interior  of  the  buoyant  portiou  of  the  shi^  is  placed  a  laree  silk  xaok,  oon- 
neeted  with  tbe  air-comprcMor  on  the  deck,  anri  a  pipe  leodn  from  tTie  exterior  enve- 
lope to  the  tube  leadine  to  the  nozzle  at  the  stern.  Both  of  these  pipes  are  provided 
with  cooks,  which  can  be  opened  or  shut  at  pleasure. 

There  are  four  cylinders  Blled  with  compressed  hydrogen  on  the  deck  of  the  ship, 
which  are  connected  with  the  interior  of  tbe  exterior  envelope  and  arc  provided  wttti 

These  appliaDoea  enable  tbe  aerial  ship  to  travel  at  any  elevation  above  tbe  earth. 
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knd  to  ascend  or  descenil  in  the  atmosphere  withont  the  nse  of  ballast.  By  ftlmplj 
withdrawing  hydrogen  from  the  interior  of  the  exterior  envelope  and  forcing  ait  into 
the  interior  of  the  interior  sack  the  biioyanov  of  the  strnotnre  is  diminished  while  ita 
exterior  form  is  not  chanced,  and  the  snip  will  descend;  the  roverse  of  this  opeMtion 
will  restore  the  original  bnnyancy  and  canse  the  ship  to  ascend.  The  importance  of 
tbiB  matt«r  will  be  appreciated  when  it  is  remembered  that  it  is  not  proposed  totrftval 
habitaall;  at  high  altitudt^s,'bnt  at  elevations  of  a  few  handred  feet  only,  snfflolent 
to  clear  torrestrial  objects. 

The  following  examples  show  the  carrying  capAcilies  of  aerial  shjps  of  varioiu 
■lies,  with  the  speed  per  honr  and  total  resistance  met  with  at  the  respective  rate*  of 
motion ;  these  elements  are  calcnlaled  from  the  formnlas  heretofore  given  in  thfi 
paper: 

In  all  coses  ({^diameter  amidships.  1  =  3)(I  =  length. 


d  =  3( 


=  110' 


0  miles  per  hoar,  149.11+  ponnda. 


^100' 


1  =  31 


Total  ascending  force,  =110,000  pounds  =  55  tons. 

Resistance,  10  miles  por  honr,  ^^4^.67  pounds;  90 miles  per  honr,  =1.656.90  pound* ; 
40  miles  (ler  hour,  =6,(1^7,62  pounds. 

Note  these  resistances  at  the  speud  epeclBed  and  observe  how  very  small  thejusin 
comparison  to  the  size  of  the  aerial  sliip  and  its  carrying  capacity,  It  is  only  aatum- 
aary  for  the  motor  to  develop  a  force  eqiial  to  the  reglstanoe.  In  any  iustanee,  to  pr» 
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L  Tis,  byieniliiig B  tow  men  in  alinlloOD  of  thiaitsBcrlptioD,  in  the  da;  or  liiglit  time, 
ever  a  Itnstile  town  or  fleet,  nnil  ilrnpiiinK  dowo  on  ta  the  enemy  dyimmite  peroHBiLoii 
'    eartridfea.    The  eJFeota  wonhl  tie  very  disagtrixiH  to  the  enemy,  nnd  there  would  be 
DO  way  of  itvuidint;  the  reHnlts. 

A  dynftmltn  onnridKe  drnpiied  oa  the  deck  of  any  form  nf  ahip  woDlit  moat  proba- 
bly sink  her,  or  aOntllTiggnn  can  ho  nseil. 

Of  Donrso  thnro  are  otucr  nsc^a  to  which  the  ■truclnre  tlint  I  hnvo  deacrilied  could 
be  devoted  for  military  pncpoaea.    I  simply  hnvo  mentioned  a  few  that  have  aiiggested 
tbemaolvca. 
I  feel  aatisftpd  (Vom  lite  exprrimoiila  thn-t  I  have  xn!u\a  on  aamall  mnlo  that  the  ap- 


tcnndlngly  nsofiil  to  the  Uoverument. 


Lt  ballofl 


BALLOON  OR  AEKIAL  SHIP. 
ItuPBRLL  Thater,  of  Pliilmlolpbia,  Pa. 


•>].)] 


7b  aR  whom  it  moif  DonMrn  : 

Ik  (t  known  that  I,  Rusaell  Thayer,  of  the  city  of  PUilailelplitii,  county  of  VI 
adelpbla,  and  8tut4i  of  Pt-niiavlvania,  have  iuveatcd  an  improvemont  in  balluoua 
■erial  ahipe,  of  whiah  th(>  following  U  a  a|H-eilluation. 

Uy  invent  ion  bae  rcforenoe  to  baTlouusor  a<^ri»l  ships;  and  it  consista  in  providing 
UMiame  with  deviccH  to  produce  and  maintain  a  snpply  of  Kaaor  vapor  in  areoeivor 
'  and  (bre«  the  same  from  a  dischartti  tig-no Kxle  at  the  rear  of  the  balloon  or  air-«hip 
I  iiiid«r  oonaidKruhlc  proMnru,  whereby  an  unstable  eiinilibriuniof  forces  generated  by 
llie oom pressed  gaa  or  vapor  in  the  reteptaole  isprothiceil,  and  iu  dptaila  ofconalruo- 
tioo,  all  of  which  are  fnlly  set  forth  in  thu  following  spi'uillcatiou  ami  shown  in  tho 
aoeompanying  drawings,  whiub  form  part  thereof. 

Tbeobjoot  of  this  invention  is  to  providn  a  balloon  or  aerial  Rhip  with  simple  and 

aBectirc  uieanit  for  navigating  the  same,  irreHtii'Ctive  uf  the.air-cnrreiita  in  which  it 

Baata,  whereby  a  great  vkIodI ty  ia  attained  ami  the  vasM]  made  managvnble :  Airther, 

I  la  dii^tense  with  Uie  usual  large  wiud-whcels  or  air- propel lerii,  and  all  aucii  devices 

I    whleh  are  balky,  nti manageable,  and  require  a  ^reat  power  to  work  them. 

In  order  to  move  in  the  air,  I  develop  fflroes  m  unstable  equilibrium  acting  upon 

tha  airucture  itself,  and  prodncing  a  reanltant  power  which  will  eauso  the  ship  to 

mava  in  the  din-ction  in  which  said  resultant  is  maitit  to  aet. 

In  the  motor  hnre  di-acribed  for  aerial  navigation   the  impact  of  the  eaoaplne  atr 

I  Doderlugb  pressure  against  the  particles  of  the  enrromiding  air  in  which  the  body  la 

[  floating  tends  to  increase  the  rusnItHnt  uotion  fornaril ;  but  the  prinuipal  portion  of 

I  the  motion  foe  ward  is  nauaed  by  the'oimtinnona  condition  of  unHtablo  equilibrium  of 

I,  prodnning  a  reaultani   action,  as  above  deacribed,  in  a  given  direction.     The 

ton  roanlting  tram  the  impact  uf  the  escaping  gas  upon  tlie  particleH  of  the  eur- 

i  immdlotf  medium  is  small  in  comparison  with  the  rwnltant  of  the  forcoa  in  unstable 

I  eqnlUbrium,  hut  alight  as  it  is  it  acts  in  the  proper  direction.     1  regard  the  aporti 

I  at  the  rear  of  th«  motor  mainly  as  a  meaTis  for  the  esoape  of  the  WHsli-d  energy. 

I  aiae  iaaoproportlonedaa  to  produce  the  maximum  eonilltiotis  of  nnatable  equilibrium 

I  of  forcea. 

I  In  thedrawlngs.  Figure  1  ia  a  side  elevation  nf  my  Improved  navigable  arrialstaip. 
V  Tig.  2  la  a  plan  view  of  the  upper  or  mochine  deck.  Fi^.  3  is  a  plan  view  of  the 
-  <  -'  r  dpok,  and  Fig.  4  is  an  elevation  (part  in  section)  showing  the  niechan- 
l,  the  aerial  ship  rise  or  descend  iu  the  air. 

(ion  proper  oi  gaa- receptacle,  and  is  preferably  mode  cigar-shaped  and 
I   filled  with  hydi'iigitn  gas. 

B  is  the  net-work  which  snrronnds  the  balloon  A,  and  carrica  by  ropea  C  the  n 
Bhioedcck  D,  to  the  under  part  of  which  is  supported  the  boiler-deck  E. 

F  is  the  rndder,  which  may  be  formed  like  a  mainaail  nf  a  yacht,  and  is  moved  by 
tfll«r-ro|Mt«  Q,  whioh  pass  around  blouks  g  g,  aud  are  secured  txi  the  tiller-wheel  H  in 
Ule  (orirarri  pan  of  the  derk  D. 

I  are  thn  iHiilers  or  eHx-bolderti  and  J  Is  tbe  snioke-pipe,  which  may  extend  down- 
I  ward,  as  shown,  andiu'livvr  the  muoke  rruui  the  goa  biluw  the  deck  E,  so  au  to  allow 
I  tliuiipperdech  to  ramaiu  cleiir  aud  prevent  injury  tro  the  silk  or  other  material  con- 
\  •Iltiitiiig  the  lutllnon  proper. 

If  :-  -  ... :-  -yinipresEior,  iu  which  air  ia  compreuBsd  and  delivered  by  a 

under  high  preeaure.     From  the  reservoir  M  it  is  allowed 
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to  raah  througb  the  diaoliarging  nozzle  If  with  any  deaired  velocity,  which  la  f^-n^ 
laled  by  neaaa  of  the  valve  n.  If  deaired.  the  end  N'  of  the  nozzle  N  mny  be  hinged 
-J  pivoted  on  a  univrntal Joint,  Mint  K<,  bo  tlint  by  setting  auid  pivoteii  section  At  kit 
inelo  the  veggel  may  t>e  iiniokly  turned  or  made  to  travel  in  a  cnrved  line  and  raised 
<r  lowered  at  will.  This  may  be  uaod  in  conjunotlon  with  the  rndder  F,  and  will  b« 
advantageous,  partloularly  when  traveling  with  the  wind. 

In  place  of  ualng  tbe  inlermediate  renervoir  U,  the  nir  may  be  forced  direct  from 
the  oompreoanr  into  the  diachiirglng  nozslo  or  pipe,  which  extends  out  of  the  rear  of 
the  ship  and  below  thurudilor;  but  by  uaing  a  reservoir  the  pulsatinns  of  the  dia- 
obargml  air  due  to  tbe  iutermitteut  aetlnu  of  the  compreaaor  will  not  he  felt  by  the 
■hip,  and  aa  the  air  in  the  roceiror  exerts  an  equal  and  oiiposile  pressure  on  all  rides, 
except  in  the  rear,  where  the  disobacgius-nozzre  ia  placed,  and  whioli,  if  it  were  not 
for  said  noEile,  would  have  l>eon  in  stable  equilibi-ium,  is  now  uustnble,  the  vessel  ia 
propelled  with  a  force  equal  to  tbe  dilference  in  prn^sure  on  tbe  front  and  bac^k  ot  the 
■aid  reservoir  and  tbe  renotionary  elfoot  of  the  comprcaaed  air  upon  the  atnjoaphere 
ioitaexit. 

Tbe  exbauat-ateam  from  the  oonipreseor  K  may  be  condensed  in  a  condenser,  O,  and 
pnmpeit  back  into  the  iHiilen  1.  The  cnodenaerniiiy  be  kepi  noolby  oiroulation  of  k 
leftlt^erating-liquid  cooled  in  n  refrigeriitor^  P,  and  circulated  by  n  pump,  Q  -  -■  - 
ateitm  may  be  condeiisud  by  a  chemical  refngeratnr  alone. 

It  is  advisable  to  use  the  eondenanil  staaoi,  aa  the  consumption  of  water  woi 
the  burden  of  the  vessel,  nud  canar  it  to  rise  whnu  not  deaimd,  and  to  preveu 
would  be  neceHsary  to  bUuw  an  equivalent  of  the  bydroicen  i;aa  to  escape.    By  usiTig  « 
Kas-engine  instead  of  n  steam-engine  we  entirely  avoid  tliia  diMenlty,  and  we  avoid  e~ 
tirely  dl  danger  finm  Sre  and  ttie  weight  of  water  and  coal  or  other  fuel  for  tbe  e 
gino.    Thegns-fuelfor  thogaa-ongine  is  compresHed,  before  startins,  InM  nreoelver. 

To  resulate  the  vertioaltraverof  (he  balloon  or  ship  in  the  otr  without  varytnc- 
the  teusTon  in  the  reoeptaclo  A,  I  provide  the  said  receptacle  with  a  smaller  flexthS 
eceptacle,  A',  locatrd  within  thelarger. 

R  is  a  atrnng  reservoir  into  which  hydrogen  gas  ia  forced  under  very  high  preamirs, 

8  is  a  compressor  or  force.pump,  which  may  bo  operati^d  by  sieam  or  buricl  power. 

I  la  a  pipe  connecting  with  tho  receptacle  or  balloon  A,  and  has  two  branches,  I'  t , 
provided  with  valves,  one  of  which  connects  with  the  hydrogen  lank  Rand  the  otbai 
with  tho  suction  of  the  compreaaor  S. 

W  ia  on  uir-snction  pipe  for  the  oompregnor,  and  is  also  provided  with  a  valve. 

U  is  an  air-pipe  connecting  the  air  reoeptncle  A'  with  the  disobarfce  of  the  com- 
preaaor  by  a  pipe,  V,  wliioh  la  provided  with  a  valve,  and  also  with  a  diachnrge-ptpa, 
W,  provided  with  a  valve,  which  pipe  opens  into  the  atmosphere.  Tbe  diacharge  of 
the  oompreseoT  is  also  coonected  by  u  valve-pipe,  V,  with  the  hjdroeen-tank  R. 

To  OHoend,  air  is  allowed  to  escape  by  pipe  W  from  vessel  or  bag  A',  and  hydrogen 
ia  paased  into  the  receptacle  A  from  tank  R  by  pipes  t'  t  nntl]  the  receptacle  A  ia 
fllleil  out.  To  descend,  hydrogen  is  allowed  to  escape  into  tbe  atmosphere  from  bal- 
loon ot  reoeptacle  A,  or  is  dniwn  through  pipes  i  t'  and  forced  into  the  tank  H  by 
"  '  ■  ""  '  ir  is  then  sucked  in  pipe  W  and  forced  by  compraa- 
.._ „  -  ■   ,  "  bag  A'  to  fill  out  the  receptacle  A,  as  before. 

In  place  of  air,  any  other  ga,i — aa  blanlphlde-pf-carbon  vapot  or  carboulc  oxide- 
may  be  forced  tbrougb  nozzle  N- 

I  do  not  limit  myself  to  tbe  details  of  oonstructiou,  as  my  iuTention  comprehanda 
the  application  of  air,  goa,  or  vapor  kept  iu  nnstable  eqnillbrinm  in  a  receiver  and 
allowed  to  escape  in  tbe  rear  of  an  aerial  ship  lu  order  to  propel  the  «ame  forward- 
Having  now  deacribed  my  invcution,  what  I  claim  aa  new,  and  desire  lo  aecnie  t 
letters  patent,  ia — 

(1)  Tne  combination,  in  an  aerial  ship,  of  the  hydrogen  or  ^aa  receptacle  made  ob> 
lone  or  cigar-abaped,  docks,  ropes  connecting  aaid  decks  with  said  gaa  receptadi^ 
boilera  I,  and  air-ciimpniBsoT  K,  supported  upon  aaid  deckn,  a  diaeharifing-pfpe,  a. 
extending  rearward  aad  connecting  with  said  compressor,  and  the  rndder  F,  arranged 
above  aaid  diacharging-pipe  aud  below  the  gna-rccoptacif,  substantially  as  and  tat 
the  pnrpose  speciBed. 

rS)  The  combination,  in  an  aerial  ship,  of  tbe  hydrogen  or  gas  receptacle,  mad* 
oblong  or  cigar-ahaped,  decks,  ropes  connecting  said  decks  with  aaid  gas-receptaela, 
boilera  I,- reservoir  M.  an  air-oompessor,  E,  supported  upon  said  decks,  u  pipe  conneot* 
ing  aaid  reaer  voir  with  said  compressor,  a  disc  barging- pipe,  M,  exlendiug  rearward 
and  connecting  with  said  compressor  throngb  said  reservoir,  aud  tbe  rudder  F,  ar- 
ranged above  said  diacharging-pipe  aud  below  the  gas- receptacle,  substantially  ~~ 
and  for  the  purpose  speuiHed. 

(3)  The  combination  of  gas- receptacle  A  with   the  inner  receptacle  A',  a  hydro- 

Ku-tauk,  R,  a  compressor,  S,  andconnectiog-pipea  and  valves  by  which  tbe  gaa  m«y 
transferred  to  or  from   receptacle  A  and  nir  to  or  from  reeeptaule  A',  substantially 
as  and  for  the  purpose  apecifled. 

(4)  An  aerial  snip  formed  with  an  oblong  or  cigar-abaped  gaa-receptacle,  and' 
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•apportiiig  BTeservoir  into  which  air  ia  forced  atider  preunre.  anil  an  adjuitable  djo-  ^M 

ehorge-nozzle  openiag  from  therear  ead  of  said  reservoir  ftod  projectlug  re^arwatdlf  ^M 

from  the  tialtooD  or  aerial  nhip,  HUbstaDtially  ae  and  for  the  ptir[ios()  Bpedfivd.  ^M 

In  teatiniony  of  which  inveotiou  I  hereunto  sot  m;  hand.  ^M 

»                                                                                                  RUSSELL  TIUYEB.  ^ 


1 


RUSBBLL  TuAYER,  of  Philadelphia,  Pa. 

ISpedaoUion  formlne  part  of  Letters  Pitoot  Ko-  3M,00«,  duled  Deoembsr  9,  IBU.    Appliutlon  Uad 

Mucb  IT,  I8M.     (No  modeLll 
To  all  icAdm  ir  may  coHoern: 

Be  it  known  that  I,  Riwae  J  I.Thayer,  of  the  city  and  c 
8t«l«  of  Feansylvania,  have  inveuted  an  improTemeut  i 
lowing  ia  a  Hpecilicution. 

Uy  iuTention  ha<i  reference  to  the  propulsion  of  aerial  ahipa,  land  vehicles,  and 
marine  vesseU;  and  it  consiBls  in  said  aerial  ships, vebicl en,  or  vessels,  provided 
iridi  meane  to  compress  air,  and  an  iuteTiuiCtent  storage-reservoir  havinu  discharg- 
inn-THlves  at  one  or  both  ends,  said  valv&s  being  iatermittentl^  operat^  to  alluw 
■nddea  discharges  of  the  air  or  vapor  compress^  into  said  reaervoir,  whereby  the 
forcea  of  the  air  compresHed  in  said  reservoir  when  rendered  UDstable  are  enabled  to 
react  npoo  one  end  of  said  reservoir,  to  cause  the  said  aerial  ship,  land  vehicle,  or 
iDarine  vessel  to  be  pnipelled  and  in  delaiia  of  constrnotiou,  all  of  which  are  fully 
~  it  forth  in  the  following  speciScalioo,  and  shown  In  the  accompanying  drawings, 

hioh  form  part  thereof.  By  forcing  the  air  into  a  reservoir  so  constructed  that  when 
_  le  presitnre  therein  reaches  a  certitin  amount  a  large  opening  would  be  automatic- 
•lly  provided  for  the  instautaneous  discharge  orescape  of  the  compressed  air  or  vapor 
ftt  me  end  of  said  reservoir  a  very  great  iucrense  in  propelling  power  can  be  rendered 
available,  for  the  reason  that  at  the  instant  previous  to  the  discharge  from  the  reser- 
Toir  the  forces  generaled  therein  by  the  compressed  air  or  gas  acting  against  its  ez- 
teaaive  internal  sarfuce  wilt  be  in  a  condition  of  stable  eqnlnbri  urn,  hut  at  the  Instant 
the  end  of  The  reservoir  in  opened  these,  forces  on  that  end  will  be  released,  while 
those  OD  tbe  other  end  are  still  acting,  consequently  at  that  moment  the  reservoir 
woald  talro  ap  a  motion  due  to  the  nnsnpported  action  on  the  closed  end,  and  as  the 
reservoir  is  a  part  of  tbe  motor  and  the  motor  Is  a  part  of  the  entire  structure  to  be 

Eiopelled,  it  will  move  in  tbe  direction  omHjsite  to  tnat  from  which  the  spent  energy 
released.  By  varying  the  area  of  the  discharge  and  the  preesureof  the  compressed 
-  any  desired  force  may  be  produced  for  use  in  propelling, 
u  the  drawings,  Pig.  1  is  a  side  elevation  of  an  aerial  ship  having  my  improved 
wr  attached  thereto.  Fig.  3  is  a  side  alevaCioa  (with  the  reservoir  in  section)  of 
^j  improved  motor.  Fig.  ;i  is  a  plan  view  of  same.  Fig.  4  ia  an  end  view  of  the 
zeservoir,  showiug  the  disc  barge- pons.  Fig.  5  is  a  plan  viow  of  the  reservoir  discharge- 
valves.  Fig.  G  is  au  outline  uf  a  marine  ship  having  my  improved  motor  applied 
thereto;  and  Fig.  7  is  a  side  elevation  of  a  laud  vehicle  having  my  improved  motor 
applied  thereto. 

A  tepresents  the  aerial  ship,  land  vehicle,  or  marine  vessel.  B  is  tbe  deck  or  floor 
npoa  whiuh  tbe  motor  is  appliitd.  C  is  tbe  boiler;  C'  tbe  smoke-stack;  D,  the  air- 
OomprasHor;  E,  the  iotertnitteut  siu  rage- re  Her  voir.  Tbe  compressor  D  draws  in  air 
by  valves  d  and  disaharges  it  by  pipe  F  into  tbe  side  of  the  resnrvuir  E.  This  reser- 
voir may  be  made  in  auy  innnm-r  deaireil.  having  one  or  both  its  beads  O  provided 
irilh  discharge- valves.    These  heads  O  may  have  poris  g. 


^H       " 

^K»nd 

^^■fattMl  or  rucked  with  the  shalt  H  by  mraiis  of  feathers  k".  This  sleeve  is  provided 
^^^ftwitb  circumferential  groove  K'  and  a  clutch,  k,  on  each  end,  which  are  adapted  to 
^^BttiMh  with  the  olntches  J  on  valves  1.    This  sleeve  may  be  mov»d  longitniliually  tr 

^Vtoli 


iBsoeutral  shaft  supported  by  the  hiiads.  Loosely  supported  opon  this  shaft  H, 
L»nd  against  the  inner  faces  of  beads  G,  are  the  circular  valves  I,  bavinu  apertures  i, 
lio  cormspond  with  the  openings  g  in  the  beads.  These  valves  have  olatcb-habB  J. 
LUpou  the  shaft  H  l)etwfeu  the  beads  is  a  longitudinally-reciprocatiog  sleeve,  K,  i 

with  either  of  suid  valves  by  an  arm,  L,  secured  t< 
■  to  be  nicked  by  a  hand-lever,  M,  wbiuh  may  be  set  in 


L  by  det«ul-pawl  m,  cateliing  in  notches  r  in  segmi 


i: 


The  shaft  U  may  be  inrermitleutly  rocked  by  hand  or  any  suitable  antomatio 
neobaniMn — lor  instance,  hb  showii — in  which  an  arm  O,  ia  secured  to  the  end  of 
tbo  shaft  U  outside  tbe  reservoir,  and  is  drawn  in  one  direction  by  a  spring,  O',  Bud 
puUrd  in  tbe  other  by  a  bell-crank  lever,  8,  pivoted  to  a  trauie,  T,  and  having  Its  f^ee 
—    provided  with  a  pin,  ». 

is  a  ratchet-wheel,  which  is  supported  in  a  bearing,  R',  and  pTO^i&B&  vW^  &  'V"^i 
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Beoard  of  firing  wiik  15-iiio^  Bodfuan  9mooik-hwre  gmm  No.  114, 


P.  M.— BMrameter,  80.027;   ther- 
i«ter,67.8i  humidity,  04. 


I 


M.— Butmieter,  80.110;  ther-^ 
'-T.  48.0 1  hnmldi^,  OS.       ^ 


M.— Banmeter,  80.605;   ther- 
,47.1;  biimidJ^,87. 


/<aoo 

201 
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204 
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200 
207 
208 
200 
210 
211 
212 
218 

214 
215 
210 
217 
218 
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220 
221 


P.  IL— BMnnetar,  29.658;    ther- . 
leter,  42.8 ;  Itamidi^,  00.       ^ 


228 
224 


220 
227 


280 
881 


Time. 


1884. 
Nov.  11 

Nov.  U 

Nov.  11 

Nov.  11 

Nov.  U 

Nov.  11 

Nov.  11 

Nov.  U- 

Nov.  11 

Nov.  12 

Nov.  12 

Nov.  12 

Nov.  12 

Nov.  12 

188& 
Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 
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y  Book,  K.  J.,  fitm  OcMm  1, 1864,  to  JmMry  7, 1865— CoDtinned. 
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Appendix   11. 


THAYEKS  DIRIGIBLE  BALLOON.    BY  THE  ORDNANCE  BOARD. 

(Five  plates.) 

A  letter  from  the  Chief  of  Ordnance,  dat-ed  January  23, 1885,  stated 
that  the  Secretary  of  War  had  invited  Mr.  Eussell  Thayer,  of  Phila* 
delphia,  to  appear  before  the  Ordnance  Board  to  explain  his  invention 
for  the  propulsion  of  balloons  at  a  high  rate  of  speed,  and  the  same  let- 
ter directed  the  Board  to  give  to  Mr.  Thayer  an  interview,  examine  his 
plans,  and  make  a  report  thereon  to  the  Ordnance  Office. 

Mr.  Thayer  appeared  before  the  Board  and  read  a  paper,  herewith  in- 
closed,  describing  his  inventions,  and  also  presented  his  patents,  with 
specifications  covering  the  same.  The  Board  does  not  agree  with  Mr. 
Thayer  as  to  the  reasons  given  for  the  movement  of  his  balloon,  bot 
after  consideration  of  his  plans  deems  them  feasible  and  worthy  of  trial, 
in  view  of  the  great  value  and  importance  of  such  a  machine  for  war 
purposes  if  it  can  be  made  to  work  practically.  The  trial  in  order  to 
be  complete  and  satisfactory  should  be  made  with  a  machine  of  a  saf- 
flcient  size  to  prove  its  efficiency  under  all  ordinary  circumstances. 
The  Board  therefore  recommends  that  a  machine  of  about  7  tons  as- 
cending  force  be  constructed  and  trials  be  made  with  it.  The  cost  of 
this  machine  complete  is  understood  to  be  about  $5,000. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board* 

GEO.  W.  McKEB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captuin  of  Ordnance. 


▲  DESCRIPTION  OF  THAYER^S  DIRIGIBLE  BALLOON,  SUITABLE  FOB 
WAR  PURPOSES— THE  THEORY  AND  PRACTICAL  OPERATION  OF  ITS 
MOTOR,  ETC. 

Russell  Thayer,  C.  E.,  Philadelphia. 

It  is  only  within  recent  years  that  the  conditions  of  the  problem  of  aerial  naviii^ 
tioD  have  been  stndied  by  engineers  competent  to  deal  with  a  matter  of  this  descrip- 
tion, and  their  investigations  have  proved  that  the  navigation  of  the  air  is  a  qnestion 
the  solution  of  which  is  dei>endent  upon  the  accomplishment  of  certain  results  qoito 
within  the  range  of  applied  mechanics  of  the  present  day. 

Almost  exactly  one  hundred  years  ago  the  discovery  of  the  balloon  solved  one  of 
the  most  difficult  and  important  points  in  the  problem,  viz,  the  great  obstacle  to 
fterial  operations  caused  by  the  action  of  the  force  of  gravity  upon  all  matter. 

By  means  of  the  device  of  the  balloon  we  are  now  enabled  to  overcome  the  force  of 
gravity  and  to  float  in  the  atmosphere. 

After  this  discovery  the  solution  of  the  problem  practically  resolved  itself  into  the 
discovery  of  means  for  applying  force  for  the  purpose  of  directing  a  balloon,  prope.     1 
designed' in  shape,  on  a  regular  course  through  the  air  in  any  given  direction. 
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The  extreme  thinness  and  elasticity  of  the  medinm  in  which  the  body 'floats  has 
baffled  the  ingenuity  of  the  engineer  and  inventor  in  the  application  of  a.foroe  for 
the  propnlsion  of  the  aerial  ship. 

All  methods  of  propnlsion  heretofore  known  have  been  tried  and  been  found  want- 
ing. The  idea,  in  every  instance,  has  been  to  apply  a  surface  of  some  resisting  mat- 
ter endowed  with  force  against  the  air,  the  object  in  view  being  to  obtain  thereby  a 
reactive  force  that  would  propel  the  air-ship  through  the  atmosphere.  Ignorant  per* 
tons  have  suggested  wheels,  oars,  and  similar  contrivances,  while  accomplished  engi- 
ineers,  as  DeLome  and  Gifi'ord,  have  trie<l  to  adopt  the  propeller  to  the  solution  of  the 
problem.  All  attempts  heretofore  made  have  practically  been  failures,  although  Uy 
Mr.  Henri  Gifford,  the  celebrated  French  engineer,  the  credit  of  first  attempting  to 
Apply  steam  for  the  propulsion  of  a  dirigible  balloon  can  be  given. 

Another  most  important  point  in  the  final  solution  of  the  problem  must  be  here 
referred  to,  viz,  that  it  is  only  within  the  last  few  years  that  it  has  become  possible  to 
eonstmct  machinery  of  great  power  and  extreme  lightness  combined  with  strength. 

Mr.  William  Pole,  F.  R.  S.,  M.  Inst.  C.  E.,  in  the  year  1882  read  a  paper  before  the 
Ittstitntion  of  Civil  Engineers  of  Great  Britain,  and  discussed  in  a  practical  manner 
the  problem  of  aerial  navigation.     The  conclusions  reached  by  him  were  as  follows, 
Tiz: 

(1)  The  problem  of  aerial  navigation  by  balloons  is  one  as  perfectly  amenable  ta 
mechanical  investigation  as  that  of  aquatic  navigation  by  floating  vessels,  and  its- 
nceeeaful  eolation  involves  nothing  unreasonable  or  inconsistent  with  the  teachinga 
ef  mechanical  science. 

(i)  It  has  been  fully  astablished  by  experiment  that  it  is  possible  to  design  and 
etHMtrnct  a  balloon  which  shall  possess  the  conditions  necessary  for  aerial  navigation, 
yix,  which  ehall  have  a  form  of  small  resistance,  should  be  stable  and  easy  to  manage, 
^nd,  if  driven  through  the  air,  shall  be  capable  of  steering  by  a  proper  obedience  of 
|benidder. 

(3)  Soffioient  data  exist  to  enable  an  approximate  estimate  to  be  made  of  the  power 
Beeeaeary  to  propel  such  a  balloon  with  any  given  velocity  through  the  air. 

(4)  Tbe  recent  reduction  in  the  weight  of  steam-motors  has  rendered  it  possible  to- 
r  with  the  balloon  an  amount  ot  power  sufficient  to  produce  moderately  high 
I,  wmj  20  or  30  miles  an  hour  through  the  air,  and  by  taking  advantage  of  other 
It  improvements  it  would  also  be  possible  to  carry  a  moderate  supply  of  fuel  and. 

for  the  working. 

(5)  The  practical  difficulties  in  the  way  are  only  such  as  naturally  arise  in  the  ex- 
teimion  of  former  successful  trials,  and  such  as  may  reasonably  be  expected  to  give 
waj  before  ekill  and  experience. 

Mr.  Pole'sentire  investigation  of  the  subject,  and  the  conclusions  deducted,  are  based 
•o  tbe  ecrew  propeller  as  furnishing  a  practical  means  for  the  propulsion  of  an  aerial 
■hip. 

A  fflanee  at  the  tabular  results  reached  by  him  shows  that  a;)  a  means  of  applying 
the  lOfoe  generated,  the  ste>im-propeller  is  a  mnst  unsuitable  and  impracticable 
machine.  Fancy  a  propeller  60  feet  in  diameter  (the  size  required  for  a  large  aerial 
■hip)  and  conveying  a  thrust  of  .3,000  pounds.  The  difllculties  of  constructing  such  an 
ftrrmngement  that  would  be  of  sufficient  lightness  and  strength,  and  at  the  same 
time  manageable,  are  insurmountable  and  preclude  its  use  for  the  purpose  in  ques- 
tion. 

The  propeller  is  a  most  suitable  contrivance  for  the  propnlsion  of  ships  in  heavy, 
incompressible  flui<l  like  water,  especially  where  weight  is  no  consideration,  but  ia 
totally  nnenited  for  the  propulsion  of  bodies  in  an  extremely  attenuated  and  elastic 
medinm  as  the  air. 

Tbe  conditions  which  obtain  in  regard  to  a  body  floating  in  tbe  air  are  similar  to 
those  which  exist  in  the  case  of  a  ship  floating  ic  the  water.  In  both  instances  the 
■tmctnre  is  supported  in  the  medium  in  which  it  floats,  against  the  action  of  the 
force  of  gravity,  by  the  weight  of  the  fluid  displaced,  this  weight  acting  vertically 
opwardfl  in  opposition  to  the  force  of  gravity  acting  vertically  downwards  through 
the  center  of  gravity.  The  force  acting  vertically  upwards  and  sustaining  the  body  m 
the  fluid  is  called  the  **  buoyant  efi\>rt,"  and  its  intensity  is  equal  to  the  weight  of  the 
floid  displaoefl.  Its  line  of  direction  passes  through  the  center  of  gravity  of  the  dis- 
pla^Ml  fluid,  and  this  point  is  called  the  center  of  buoyancy.  Tbe  following  conclu- 
sions result  from  a  thorough  investigation  of  this  branch  of  the  subji^ct,  viz : 

(1)  The  pressures  upon  the  surface  of  a  body  immersed  in  a  fluid  have  a  single  re- 
■Bitant  called  the  *'  buoyant  eflbrt,''  and  this  resultant  is  directed  vertically  upwards. 

(2)  The  bnoyant  effort  is  equal  in  intensity  to  the  weight  of  the  fluid  displaced. 

(3)  The  line  of  direction  of  the  buoyant  effort  passes  through  the  center  of  gravity 
■f  the  displaced  fluid. 

(4)  Tbe  horizontal  pressures  destroy  one  another. 

In  regard  to  tbe  equilibrium  of  the  floating  body,  I  may  state  that  it  will  be  stable 
as  long  as  the  center  of  gravity  of  the  body  is  below  that  of  the  displaced  fluid.    In 
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the  aerial  ship  fchat  I  have  designed  this  condition  will  be  always  fulfilled,  and  oon- 
seqnently  tbe  struct  are  cannot  capsize. 

Practical  experiments  and  mathematical  dednctions  prove  that  the  best  shape  for 
the  buoyant  portion  of  the  structure  under  discussion  is  tbat  of  a  circular  spindle  in 
which  L  =  3|  d,  L  representing  the  longer  or  horizontal  axis  and  d  the  diameter  amid- 
ships. This  shape  will  give  the  least  resistance  to  motion  through  the  air,  will  com- 
ply with  the  conditions  of  stable  equilibrium,  antt  will  give  good  steering  qualities. 

The  ascending  force  of  the  gas,  hydrogen  bein^  used,  will  be  represented  by  the 
expression  A  d^l,  in  which  d  and  I  represent  quantities  as  above  and  A  being  a  coeffi- 
cient depending  upon  the  shape  of  the  vessel  and  on  the  specific  gravity  of  the  gas 
compared  with  that  of  the  surrounding  air.  Supposing  pure  hydrogen  gas  to  be  ased, 
the  levity  of  1  cubic  foot  =  0.0751  of  a  pound,  and  with  the  shape  above  given  the 

ascending  force  determined  by  actual  experiments  may  be  represented  by  the  expres- 
sion 0.03  (I^  4. 

The  resistance  of  the  ship  to  motion  through  the  air  has  been  accurately  determined 
by  three  methods,  viz,  by  the  midship-area  calculation,  skin-friction  calculation,  and 
cubic-displacement  calculation ;  aud  based  upon  the  conditions  that  1  =3|-  d,  the  fol- 
lowing resistances  have  been  obtained,  viz : 

By  the  midship  area  =  0.000172  (P  t?« 

By  the  skin  friction  =  0.000173  <P  ,?« 

By  the  cubic  displacement  =  0.000211  d«  «« 

in  which  d  represents  as  above  and  r  =  velocity  in  feet  per  second  of  time.  Taking  a 
mean  of  the  two  last  expressions  (the  largest),  the  formula  giving  the  resistance  to 
the  motion  forward  through  the  atmosphere  becomes  X  =  0.000193  d*  tfl 

THB  THEORY  OF  ACTION  OF  THE  MOTOR. 

To  return  now  to  the  subject  of  the  propelling  force,  I  will  observe  that  the  idea  of 
beating  the  air  (a  medium  of  extreme  rarity)  with  a  propeller  in  order  to  generate  a 
reactive  force  forward  is  impracticable,  not  only  on  account  of  the  practical  difficulties 
in  the  way  as  before  suggested,  but  also  and  principally  by  reason  of  the  unsubstan- 
tial character  of  the  uit^ium  upon  which  the  force  is  made  to  act  and  the  great  waste 
of  power  resulting  from  auy  such  method.  After  careful  investigation  of  the  subjeet 
I  was  forced  to  adopt  the  conclusion  that  the  propelliug  force  must  reside  in  the  motor 
itself,  and  must  be  applied  within  itself  in  such  a  manner  as  to  promote  motion  for- 
ward. 

The  action  of  the  motor  is  entirely  independent  of  extraneous  conditions,  and  will 
produce  high  rates  of  motion  without  applying  force  against  any  extraneous  resisting 
medium. 

In  all  ordinary  applications  of  force  to  produce  motion  we  see  the  force  generated 
applied  against  some  resisting  substance.  The  steamboat  is  propelled  by  the  reaction 
resulting  from  the  action  of  the  bhide  of  the  paddles  or  screw  upon  the  deuse  medium 
of  the  water.  The  locomotive  engine  moves  forward  by  reason  of  the  peripheries  of 
the  drivers  rolling  along  the  rail,  but  the  tires  must  grip  the  rail  before  motion  results. 
Numerous  instances  of  the  application  of  force  based  upon  the  priuciples  here  in- 
volved may  be  enumerated. 

In  the  case  of  navigating  the  air,  however,  there  is  nothing  upon  which  or  against 
which  the  force  generate<l  can  be  applied.  We  are  suspended  in  space,  between  heaven 
and  earth,  aud  if  we  except  the  invisible  and  extremely  rare  medium  of  the  air,  there 
is  nothing  upon  which  a  propelling  force  can  act  extraneous  to  the  machine  itself. 
Under  these  circumstances  we  can  only  utilize  the  air  as  a  medium,  the  weight  of  which 
causes  a  buoyant  effort  by  which  we  can  counteract  the  force  of  gravity  and  float. 
In  order  to  move  in  the  air  I  develop  forces  in  unstable  equilibrium,  acting  upon  the 
structure  itself,  and  pro<luciug  a  resultant  power  which  will  cause  the  ship  to  move  in 
the  direction  in  which  sai<l  resultant  is  made  to  act. 

The  principles  which  I  have  adopted  to  produce  this  condition  of  continuous  un- 
stable equilibrium  of  forces  may  best  be  understood  from  the  following  simple  demon- 
stration : 


A< 


T 
i 


Take  a  hollow  cylinder,  ahedy  with  an  outlet  at  ^=1  square  inch  in  area.    Now  sup- 
pose this  cylinder  is  kept  constantly  filled  with  air,  steam,  or  vapor,  under  a  pressnro 
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ol^  ny,  100  poanda  to  each  square  inch ;  sappose  the  area  of  each  cylinder-head  =  10 
•qnare  iDobes.  Under  these  circumstances  the  total  pressure  on  the  head  a  h  will 
^  10  by  100^  1,000  pounds.  On  the  head  cd  there  will  be  only  9  square  inches  upoDi 
wbieh  the  force  within  the  cyliuder  can  act ;  consequeutly  the  pressure  on  this  end  of 
the  cylinder^  9  by  100=^900  pounds.  All  the  other  forces  within  the  cylinder  are  in 
a  eondition  of  equilibrium,  for  the  reason  that  they  are  all  acting,  respectively,  in 
direetly  opposite  directions  and  are  equal.  Therefore,  the  resultant  of  forces  =  1,000 
ponsda  —  900  pounds  =  100  pounds,  acting  in  the  direction  B  A,  and  this  produces 
motion  in  that  direction  due  to  said  resultant. 

We  have  here  generated  a  powerful  force,  and  applied  it  in  such  a  way  as  to  pro- 
doee  motion  with  the  simplest  possible  mechanism  and  entirely  independent  of  extra- 
neous conditions. 

Motion  can  be  produced  by  this  principle  in  a  perfect  vacuum,  remote  from  the 
reach  and  influence  of  all  terrestrial  objects ;  indeed,  it  is  evident  that  in  a  vacuum 
the  motion  of  a  body  impelled  by  the  action  of  a  force  resident  within  the  motor 
itself,  by  the  principle  above  deRcribed,  would  be  at  a  far  higher  rate  of  speed  than 
would  be  the  case  in  the  air,  for  the  reason  that  the  medium  in  which  the  body  is 
traveling,  viz,  the  air,  offers  considerable  resistance  to  motion  due  to  friction. 

Tbe  motor  I  have  devised  enables  me  to  accumulate,  produce,  and  apply  an  ex- 
tremely powerful  force.  It  couHists  essentially  of  a  high-speed  air-compressor  con- 
Sled  directly  to  a  specially  designed  gas-engine,  and  a  reservoir,  called  an  accumu- 
btor,  into  which  the  compressed  air  is  forced.  The  rear  end  of  this  reservoir  is  so 
arrangMi  that  at  given  intervals  of  time,  a  few  seconds  apart,  the  confined  energy  is 
saddenly  released,  thus  producing  a  powerful  motive  thrust  forward,  due  t>o  the  fact 
ef  the  unstable  condition  of  equilibrium  of  forces  at  the  instant  of  discharge.  The 
MBonnt  of  power  thus  rendered  available  is  dependent  upon  the  size  of  the  reservoir 
and  ita  discharge.  It  is  also,  of  course,  a  function  of  the  time  of  charging  and  the 
nmober  of  strokes  of  the  engine  made  therein.  In  the  motor  here  described  for  aerial 
navigation  the  impact  of  the  escaping  air  or  vapor,  under  high  pressure,  against 
the  pMtieles  of  the  surrounding  air  in  which  the  body  is  floating,  tends  to  increase 
thereraltant  action  forward;  but  the  principal  portion  of  the  motion  forward  is 
canaed  by  the  continuous  condition  of  unstable  equilibrium  of  forces  producing  a 
nmltant  action,  as  above  described,  in  a  given  direction.  The  reaction  resulting  from 
the  impact  of  the  escaping  gas  upon  the  particles  of  the  surrounding  medium  is  small 
in  eonpnrieon  with  the  resultant  of  the  forces  in  unstable  equilibrium,  but  slight  as" 
it  is  it  acta  in  the  proper  direction. 

I  regard  the  aperture  at  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of 
the  wasted  eoer^ ;  its  size  is  so  proportioned  as  to  produce  the  maximum  condition  of 
nnstable  equilibrium  of  forces. 

I  will  now  proceed  to  a  description  of  the  dirigible  balloon,  the  plans  of  which  ac- 
this  paper.  As  will  be  seen  from  the  drawings,  it  consists  essentially  of  two 
The  buoyant  part,  which  corresponds  to  the  hull  of  a  water  ship,  is  made  of 
tissues  of  strong  silk  and  rubber,  and  the  shape  is  that  of  a  circular  spin- 
dle, in  which  the  long  horizontal  axis  =  3|-  times  the  length  of  the  diameter  amid- 
skips;  this  structure  is  filled  with  hydrogen  gas. 

The  deck  of  the  ship,  upon  which  the  machinery  is  located,  and  where  men  with 
dynamite  percnssion  cartridges  or  a  Gatling  gun  can  be  placed,  is  below  the  buoyant 
piart  of  tbe  structure,  and  is  firmly  supported  therefrom  and  braced  thereto,  as  shown. 

Opposite  the  center  of  the  ship  there  is  a  lower  deck,  completely  inclosed  and  sep- 
arated £rom  the  rest  of  the  structure,  in  which  the  power  is  located.  From  the  cylin- 
der of  the  motor  a  pipe  leads  all  or  part  of  the  wasted  energy  utilized  in  the  produc- 
tion of  motion  to  the  stem  of  the  ship,  and  is  there  terminated  by  a  nozzle  fitted  on 
a  hnQ  and  socket  joint.  This  arrangement  permits  the  nozzle  to  be  moved  in  any  direc- 
tion at  pleasure,  and  by  a  movement  of  the  nozzle  from  the  wheel  the  ship  may  be 
steered  in  any  direction  that  may  be  desired,  thus  avoiding  the  necessity  for  any 
mdder. 

While  the  machinery  is  in  motion  and  the  force  is  being  generated  the  ship  is  un- 
der perfect  control  and  can  be  directed  in  any  course  that  may  be  required.  It  is  not 
necessary  that  tbe  entire  amount  of  wasted  energy  should  be  discharged  at  the  stern 
of  the  ship  and  used  for  steering,  and  it  is  preferable  not  to  do  this,  but  to  discharge 
the  air  or  vapor  near  the  motor  and  thus  avoid  the  friction  in  the  tube;  a  portion 
snfflcient  only  to  give  good  steering  power  should  be  taken  to  the  nozzle  at  the  stem. 

In  tbe  interior  of  the  buoyant  portion  of  the  ship  is  placed  a  large  silk  sack,  con- 
nected with  tbe  air-compressor  on  the  deck,  and  a  pipe  leads  from  the  exterior  enve- 
lope to  the  tube  leading  to  the  nozzle  at  the  stern.  Both  of  these  pipes  are  provided 
with  cocks,  which  can  be  opened  or  shut  at  pleasure. 

There  are  four  cylinders  filled  with  compressed  hydrogen  on  the  deck  of  the  ship, 
which  are  connected  with  the  interior  of  the  exterior  envelope  and  are  provided  with 
cocks. 

appliances  enable  the  aerial  ship  to  travel  at  any  elevation  above  the  earth, 
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and  to  ascend  or  descend  in  the  atmosphere  without  the  use  of  ballast.  By  simply 
withdrawing  hydrogen  from  the  interior  of  the  exterior  envelope  and  forcing  air  into 
the  interior  of  the  interior  sack  the  buoyancv  of  the  structure  is  diminished  while  its 
exterior  form  is  not  changed,  and  the  ship  will  descend;  the  reverse  of  this  operation 
will  restore  the  original  buoyancy  and  cause  the  ship  to  ascend.  The  importance  of 
this  matter  will  be  appreciated  when  it  is  remeniberea  that  it  is  not  proposed  to  travel 
habitually  at  high  altitudes/ but  at  elevatious  of  a  few  hundred  feet  only,  sufficient 
to  clear  terrestrial  objects. 

The  following  examples  show  the  carrying  capacities  of  aerial  shjps  of  varioiia 
sizes,  with  the  speed  per  hour  and  total  resistance  met  with  at  the  respective  rates  of 
motion ;  these  elements  are  calculated  from  the  formulas  heretofore  given  in  this 
paper : 

In  all  cases  d=diameter  amidships,  1  =  3|d  =  length. 


d  =  30' 


1  =  110' 


Total  ascending  force,  2,970  pounds. 

Resist-ance,  10  miles  per  hour,  38.04-}-  pounds;  20  miles  per  hour,  149.114-  pounds. 


<i  =  40' 


1  =  147' 


Total  ascending  force,  7,040  pounds  =  3^  tons. 

Resistance,  10  miles  per  hour,  67.62  pounds ;  20  miles  per  hour,  265.10  pounds. 


d  =  50' 


1  =  183' 


Total  ascending  force,  ^13,725  pounds  =  say,  7  tons. 

Resistance,  10  miles  per  hour,  =105.66  pounds ;  =20  miles  per  hour,  414.22  ponndSi 


d  =  75' 


1=275' 


Total  ascending  force,  46,400  pounds  =23  tons. 

Resistance,  20  miles  per  hour,  931.92  pouuds ;  40  miles  per  hour,  3,727.69  pounds. 


<i  =  100' 


1  =  367' 


Total  ascending  force,  =110,000  pounds  =  55  tons. 

Resistance,  10  miles  per  hour,  =422.67  pounds;  20  miles  per  hour,  ==1.656.90  pounds; 
40  miles  per  hour,  ^6,627.62  pounds. 

Note  these  resistances  at  the  speed  specified  and  observe  how  very  small  they  ace  in 
eomparison  to  the  size  of  the  aerial  ship  and  its  carrying  capacity.  It  is  only  neces- 
sary for  the  motor  to  develop  a  force  equal  to  the  resistance,  in  any  instance,  to  pEO> 
dnce  the  corresponding  rate  of  motion  through  the  atmosphere. 

The  following  table  shows  the  speed  in  miles  per  hour  that  could  be  commanded  on 
any  proposed  course  by  a  ship  haviug  an  independent  motion  through  the  air  of  30 
miles  per  hour,  wind  supposed  due  north,  blowing  with  velocities  varying  from  0  to 
50  miles  per  hour. 


Velocity  of 
wind. 

1 

1 

Ta-      i  NNE.    or 
^'     \     NNW. 

NE.or 
NW. 

RNE.    or 
WNW. 

E.    or 
W. 

BSE.     or 
W8W. 

SB.  or 
SW.    , 

RSE.    or 
SSW. 

S. 

Calm 

5 

30  !                 30 
25  1                 25 
20                   20 
15                   15 
10                   10 

30 
26 
22 
17 
13 

80 
27 
25 
20 
16 
9 

80 
29 
28 
2:> 
22 
17 

80 
81 
83 
82 
81 
29 
22 

80 
84 
87 
89 

41 
48 
48 
42 
88 

80 
85 

S 

66 

60 
68 
67 
70 

IS 

10 

16 

20 

25 

80          

a 

46 
89 
66 

69 

S  :.::::::::. :;:::::::::i:::::::. 

6S 

40 :::::::..::::::.: !.:...::. 

1 
.  -   1-     ..   -. 

70 

45 ! ! 

76 

60 '               --!--- 

80 

1 

1 

1     

1 

The  uses  to  which  such  a  structure  as  I  have  described  can  be  applied  for  war  pur- 
poses are  various.  For  communication  with  and  relief  of  besieged  towns  it  would  be 
invaluable,  and  for  all  purposes  of  military  observation  and  reconnaissance  it  would 
be  very  useful.    For  actual  hostilities  it  could  be  employed  as  I  have  briefly  aaggeaiedy 
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Tia,  bysendinga  few  men  in  a  balloon  of  this  description,  in  the  day  or  night  time, 
OTer  a  hostile  town  or  fleet,  and  dropping  down  on  to  the  enemy  dynamite  percnssion 
esrtridges.  The  effects  would  be  very  disastrous  to  the  enemy,  and  there  would  be 
no  wfty  of  avoiding  the  results. 

A  dynamite  cartridge  dropped  on  the  deck  of  any  form  of  ship  would  most  proba- 
bly sink  her,  or  a  Gatling  gnu  can  bo  used. 

Of  conrse  there  are  other  uses  to  which  the  structure  that  I  have  described  could 
be  devoted  for  military  purposes.  I  simply  have  mentioned  a  few  that  have  suggested 
themselves. 

I  feel  satisfied  from  the  experiments  that  I  have  made  on  a  small  scale  that  the  ap- 
parmtns  is  practical,  and  for  a  comparatively  speaking  small  sum  a  war  balloon  can  be 
built  which  would  be  exceedingly  useful  to  the  Government. 


BALLOON  OR  AERIAL  SHIP. 
Russell  Thayer,  of  Philadelphia,  Pa. 

forming  part  of  letters  patent  No.  309008,  dated  December  9,1884.    Application  filed 

November  23,  1883.    (No  model.)) 

n  sA  whom  it  majf  concern  : 

Be  it  known  that  I,  Russell  Thayer,  of  the  city  of  Philadelphia,  county  of  Phil- 
adelphia, and  Slate  of  Pennsylvania,  have  invented  an  improvement  in  balloons  or 
aerial  ships,  of  which  the  following  is  a  speoitication. 

Ify  invention  has  reference  to  balloou8  or  aerial  ships ;  and  it  consists  in  providing 
the  same  with  devices  to  produce  and  maintain  a  supply  of  gas  or  vapor  in  a  receiver 
■Dd  force  the  same  from  a  discharging-nozzle  at  the  rear  of  the  balloon  or  air-ship 
milder  considerable  pressure,  whereby  an  unstable  equilibrium  of  forces  generated  by 
the  eompressed  gas  or  vapor  in  the  receptacle  is  produced,  and  in  details  of  construc- 
tioo,  all  of  which  are  fully  set  forth  in  the  following  specification  and  shown  in  the 
aecompanying  <lrawings,  which  form  part  thereof. 

The  object  of  thio  invention  is  to  provide  a  balloon  or  aerial  ship  with  simple  and 
sffeetive  means  for  navigating  the  same,  irrespective  of  thc^ir-currents  in  which  it 
ioats,  whereby  a  great  velocity  is  attained  and  the  vessel  made  manageable ;  further, 
to  dispense  with  the  usual  large  wind-wheels  or  air-propellers,  and  all  such  devices 
which  are  bolky,  unmanageable,  and  require  a  great  power  to  work  them. 

In  order  to  move  in  the  air,  I  develop  forces  m  unstable  equilibrium  acting  upon 
the  stmctare  itself,  and  producing  a  resultant  power  which  will  cause  the  ship  to 
more  in  the  direction  in  which  said  resultant  is  made  to  act. 

In  the  motor  here  described  for  aerial  navigation  the  impact  of  the  escaping  air 
■Bdcrbiiich  pressure  against  the  particles  of  the  surrounding  air  in  which  the  body  is 
floating  tends  to  increase  the  resultant  action  forwanl ;  but  the  principal  portion  of 
tbe  motion  forward  is  caused  by  the'continuous  condition  of  unstable  equilibrium  of 
Ibrtes,  producing  a  resultant  action,  as  above  described,  in  a  given  direction.  The 
KBftctioo  resulting  from  the  impact  of  the  escaping  gas  upon  the  particles  of  the  snr- 
ronndio^  medium  is  small  in  comparison  with  the  resultant  of  the  forces  in  unstable 
•qoiiibrinm,  but  slight  as  it  is  it  acts  in  the  proper  <lirection.  I  regard  the  aperture 
at  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of  the  wasted  energy.  Its 
Me  is  so  proportioned  as  to  proiluce  the  maximum  conditions  of  unstable  equilibrium 
•f  forces. 

In  the  drawings.  Figure  1  is  a  side  elevation  of  my  improved  navigable  aerial  ship. 
Fig.  2  is  a  plan  view  of  the  upper  or  machine  deck.  Fig.  3  is  a  plan  view  of  the 
lower  or  boiler  deck,  aud  Fig.  4  is  an  elevation  (part  in  section)  showing  the  mechan- 
ism for  making  the  aerial  ship  rise  or  descend  in  the  air. 

A  is  the  balloon  proper  or  gas-receptacle,  and  is  preferably  made  cigar-shaped  and 
filled  with  hydrogen  gas. 

B  is  the  net-work  which  surrounds  the  balloon  A,  and  carries  by  ropes  C  the  ma- 
chine deck  D,  to  the  under  part  of  which  is  supported  the  boiler-deck  E. 

F  is  the  rudder,  which  may  be  formed  like  a  mainsail  of  a  yacht,  and  is  moved  by 
tiller-ropes  G,  which  pass  around  blocks  g  g^  and  are  secured  to  the  tiller- wheel  H  in 
the  forward  part  of  the  deck  D. 

I  are  the  boilers  or  gas-hohlers  and  J  is  the  smoke-pipe,  which  may  extend  down- 
ward, as  shown,  and  deliver  the  smoke  from  the  gas  b«  low  the  deck  £,  so  as  to  allow 
the  npper  deck  to  remain  clear  aud  prevent  injury  to  the  silk  or  other  material  con- 
stituting the  balloon  proper. 

KiB^  steam  or  gas  air-compressor,  in  which  air  is  compressed  aiid  delivered  by  a 
fipe,  L,  to  a  reservoir,  M,  under  high  pressure.    From  the  reservoir  M  it  is  allowed 
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to  rash  throagh  the  discharging  nozzle  N  with  any  desired  yelocity,  which  is  regu- 
lated by  means  of  the  valve  n.  If  desired,  the  end  N'  of  the  nozzle  N  may  be  hiog^ 
or  pivoted  on  a  aniversal  joint,  as  at  N^,  so  that  by  setting  said  pivoted  section  at  an 
auffle  the  vessel  may  be  quickly  turned  or  made  to  travel  in  a  cnrved  line  and  raised 
or  lowered  at  will.  This  may  be  used  in  conjunction  with  the  mdder  F,  and  will  be 
advantageous,  particularly  when  traveling  with  the  wind. 

In  place  of  using  the  iutermediate  reservoir  M,  the  air  may  be  forced  direct  from 
the  compressor  into  the  discharging  nozzle  or  pipe,  which  extends  out  of  the  rear  of 
the  ship  and  below  the  rudder ;  but  by  using  a  reservoir  the  pulsations  of  the  dis- 
charged air  due  to  the  intermittent  action  of  the  compressor  will  not  be  felt  by  the 
ship,  and  as  the  air  in  the  receiver  exerts  an  equal  and  opposite  pressure  on  all  sides, 
except  in  the  rear,  where  the  dischargiug-uozzle  is  placed,  and  which,  if  it  were  not 
for  said  nozzle,  would  have  been  in  stable  equilibrium,  is  now  unstable,  the  vessel  is 
propelled  with  a  force  equal  to  the  difference  in  pre<»sure  on  the  frout  and  back  ot  the 
said  reservoir  and  the  reactionary  effect  of  the  compressed  air  upon  the  atmosphere 
in  its  exit. 

The  exhaust-steam  from  the  compressor  K  may  be  condensed  in  a  condenser,  O,  and 
pnmped  back  into  the  boilers  I.  The  condenser  may  be  kept  cool  by  circulation  of  a 
refrigerating-liqnid  cooled  in  a  refrigerator,  P,  and  circulated  by  a  pump,  Q  ;  or  the 
steam  may  be  condensi'd  by  a  chemic.il  refrigerator  alone. 

It  is  advisable  to  use  the  condensed  steam,  as  the  consumption  of  water  would  vary 
the  burden  of  the  vessel,  and  cause  it  to  rise  when  not  desired,  and  to  prevent  this  it 
would  be  necessary  to  allow  an  equivalent  of  the  hydroeen  gas  to  escape.  By  nsing  a 
gas-engine  instead  of  a  steam-engine  we  entirely  avoid  this  difficulty,  and  we  avoid  en- 
tirely all  danger  fiom  tire  and  the  weight  of  water  and  coal  or  other  fuel  for  the  en- 
gine.   The  gas-fuel  for  the  gas-engine  is  compressed,  before  starting,  into  a  receiver. 

To  rej^ulate  the  vertical  travel  of  the  balloon  or  ship  in  the  air  without  varying 
the  tension  in  the  receptacle  A,  I  provide  the  said  receptacle  with  a  smaller  flexible 

eceptacle.  A',  located  within  the  larger. 

R  IS  a  strong  reservoir  into  which  hydrogen  gas  is  forced  under  very  high  pressnie. 

S  is  a  compressor  or  force-pump,  which  may  be  operated  by  steam  or  hand  power. 

<isa  pipe  connecting  with  the  receptacle  or  balloon  A,  and  has  two  branches,  t'  <*, 
provided  with  valves,  one  of  which  connects  with  the  hydrogen  tank  R  and  the  other 
with  the  suction  of  the  compressor  S. 

W  is  an  air-suction  pipe  for  the  compressor,  and  is  also  provided  with  a  valve. 

U  is  an  air-pipe  connecting  the  air  receptacle  A'  with  the  discharge  of  the  com- 
pressor  by  a  pipe,  V,  wliich  is  provided  with  a  valve,  and  also  with  a  discharge-pipe, 
W,  provided  with  a  valve,  which  pipe  opens  into  the  atmosphere.  The  discharge  oi 
the  compressor  is  also  connected  by  a  valve-pipe,  V^  with  the  hydrogen-tank  R. 

To  ascend,  air  is  allowed  to  escape  by  pipe  W  from  vessel  or  bag  A',  and  hydrogen 
is  passed  into  the  receptacle  A  from  tank  R  by  pipes  t'  t  until  the  receptacle  A  is 
filled  out.  To  descend,  hydrogen  is  allowed  to  escape  into  the  atmosphere  from  bal- 
loon or  receptacle  A,  or  is  drawn  through  pipes  ( t^  and  forced  into  the  tank  R  hy 
compressor  S  and  pipe  V\  and  air  is  then  sucke<l  in  pipe  W  and  forced  by  compres- 
sor S  through  pipes  V  and  U  into  bag  A'  to  fill  out  the  receptacle  A,  as  before. 

In  place  of  air,  any  other  gas — as  bisulphide-pf-carbon  vapor  or  carbonic  oxide^ 
may  be  forced  through  nozzle  N. 

I  do  not  limit  myself  to  the  details  of  construction,  as  my  invention  comprehends 
the  application  of  air,  gas,  or  vapor  kept  in  unstable  equilibrium  in  a  receiver  and 
allowed  to  escape  in  the  rear  of  an  aerial  ship  in  order  to  propel  the  same  forward. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  secure  by 
letters  patent,  is — 

(1)  Tne  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  receptacle  made  ob- 
long or  cigar-shape<l,  decks,  ropes  connecting  said  decks  with  said  gas  receptacle, 
boilers  I,  and  air- cum  pressor  K,  supported  upon  said  <leck8,  a  discharging-pipe,  N. 
extending  rearward  and  connecting  with  said  compressor,  and  the  rudder  F,  arranged 
above  said  discharging-pipe  and  below  the  gas-receptacle,'  substantially  as  and  for 
the  purpose  specified. 

(2)  The  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  recept-acle,  made 
oblong  or  cigar-shaped,  decks,  ropes  connecting  said  decks  with  said  gas-receptaole, 
boilers  I,- reservoir  M,  an  air-compessor,  K,  supported  upon  said  decks,  a  pipe  connect- 
ing said  reservoir  with  said  compressor,  a  discharging-pipe,  N,  extending  rearwutl 
and  connecting  with  said  compressor  through  said  reservoir,  and  the  rudder  F,  at- 
range<l  above  said  discharging-pipe  and  below  the  gas-receptacle,  substantially  aa 
and  for  the  purpose  specified. 

(3)  The  combination  of  gas-receptacle  A  with  the  inner  receptacle  A',  a  hydro- 

f  en-tank,  R,  a  compressor,  S,  and  connecting- pipes  and  valves  by  which  the  gas  maj 
e  transferred  to  or  from  receptacle  A  and  air  to  or  from  receptacle  A',  snbstAntiAlly 
AS  and  for  the  purpose  specified. 

(4)  An  aerial  ship  formed  with  an  oblong   or  cigar-shaped  gas-receptAole,  And 
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■opportiDg  ftreeervoir  into  which  air  is  forced  nnder  pressure,  and  an  adjustable  dis- 
oharge-noszle  opening  from  the  rear  end  of  said  reservoir  and  projecting  rearwaisidly 
from  the  balloon  or  aerial  ship,  substantially  as  and  for  the  purpose  specified. 
In  tentimony  of  which  inyeotion  I  hereunto  set  my  hand. 

RUSSELL  THAYER. 
WitDM0es: 

Nathl.  E.  Janmet. 
Jos.  J.  Knox. 


MOTOR. 
Russell  Thatbr,  of  Philadelphia,  Pa. 

fomiing  part  of  Letters  Patent  No-  309,009,  dated  December  9, 1884.    Application  filed 

March  17.  1884.    (No  model.)] 
T«  mil  whom  it  may  concern : 

Be  it  known  that  I,  Russell, Thayer,  of  the  city  and  county  of  Philadelphia,  and 
State  of  Pennsylvania,  have  invented  an  improvement  in  motors,  of  which  the  fol- 
lowin|[  is  a  specification. 

Ify  iDvention  has  reference  to  the  propulsion  of  aerial  ships,  land  vehicles,  and 
marine  vessels;  and  it  consists  in  said  aerial  ships, vehicles,  or  vessels,  provided 
with  means  to  compress  air,  and  an  intermittent  storage-reservoir  having  discharge 
inft-valTes  at  one  or  both  ends,  said  valves  being  intermittently  operated  to  allow 
Boddeo  discharges  of  the  air  or  vapor  compressed  into  said  reservoir,  whereby  the 
of  the  air  compressed  in  said  reservoir  when  rendered  unstable  are  enabled  to 
npoo  one  end  of  said  reservoir,  to  canse  the  said  aerial  ship,  land  vehicle,  or 
vessel  to  be  propelled,  and  in  details  of  construction,  all  or  which  are  fully 
set  ibrth  in  the  following  specification,  and  shown  in  the  accompanying  drawings, 
wkicb  form  part  thereof.  By  forcing  the  air  into  a  reservoir  so  constructed  that  when 
Ills  pisssore  therein  reaches  a  certain  amount  a  large  opening  would  be  automatic- 
ally pvoTided  for  the  instantaneous  discharge  or  escape  of  the  compressed  air  or  vapor 
at  SOS  end  of  said  reservoir  a  very  great  increase  in  propelling  power  can  be  rendered 
STailable.  for  the  reason  that  at  the  instant  previous  to  the  discharge  from  the  reser- 
Toir  the  foTce^  generated  therein  by  the  compressed  air  or  ^as  acting  against  its  ex- 
tsBsJTs  internal  surface  will  be  in  a  condition  of  stable  equilibrium,  but  at  the  instant 
thsend  of  the  reservoir  is  opened  these,  forces  on  that  end  will  be  released,  while 
Hmss  od  the  other  end  are  still  acting,  consequently  at  that  moment  the  reservoir 
woald  take  np  a  motion  due  to  the  unsupported  action  on  the  closed  end,  and  as  the 
lessrroir  is  a  part  of  the  motor  and  the  motor  is  a  part  of  the  entire  structure  to  be 
wopelledf  it  will  move  in  the  direction  opposite  to  that  from  which  the  spent  energy 
m  lelsased.  By  varying  the  area  of  the  discharge  and  the  pressure  of  the  compressed 
air  aoT  desired  force  may  be  produced  for  use  in  propelling. 

In  tlie  drawings,  Fig.  1  is  a  side  elevation  of  an  aerial  ship  having  my  improved 
motor  attached  tnereto.  Fig.  2  is  a  side  elevation  (with  the  reservoir  in  section)  of 
m>  improved  motor.  Fig.  3  is  a  plan  view  of  same.  Fig.  4  is  an  end  view  of  the 
roir,  showing  the  discharge-ports.  Fig.  5  is  a  plan  view  of  the  reservoir  discbar^e- 
Fig.  6  is  an  outline  of  a  marine  ship  having  my  improved  motor  applied 
•;  and  Fig.  7  is  a  side  elevation  of  a  land  vehicle  having  my  improved  motor 
applied  thereto. 

A  represents  the  aerial  ship,  land  vehicle,  or  marine  vessel.  B  is  the  deck  or  floor 
■pon  which  the  motor  is  applied.  C  is  the  boiler;  C,  the  smoke-stack:  D,  the  air- 
somprasnor;  E,  the  intermittent  st>ora^reservoir.  The  compressor  D  draws  in  air 
bj  valves  d  and  discharges  it  by  pipe  F  iuto  the  side  of  the  reservoir  E.  This  reser- 
Toir  may  be  made  in  any  manner  desire4l,  having  one  or  both  its  heads  G  provided 
with  discharge- valves.    i?he8e  heads  G  may  have  ports  g. 

H  is  a  central  shaft  supported  by  the  heads.  Loosely  supported  upon  this  shaft  H^ 
and  against  the  inner  faces  of  hesids  G,  are  the  circular  valves  I,  having  apertures  i, 
to  correspond  with  the  openings  g  in  the  heads.  These  valves  have  clutch-hubs  J. 
Upon  the  shaft  H  between  the  heads  is  a  longitudinally-reciprocating  sleeve,  K,  ro- 
ti^rd  or  rocked  with  the  shaft  H  by  means  of  feathers  k'.  This  sleeve  is  provided 
with  circumferential  groove  K'  and  a  clutch,  k^  on  each  end,  which  are  adapted  to 
mesh  with  the  clutches  J  on  valves  I.  This  sleeve  may  be  moved  longitudinally  to 
mesh  with  either  of  said  valves  by  an  arm,  L,  secured  to  a  rock-shaft,  L  ,  and  adapted 
to  be  rocked  by  a  hand-lever,  M,  which  may  be  set  in  either  of  its  extreme  positions 
1^  detent-pawl  M,  catching  in  notches  n  in  segment  N. 

The  shaft  H  may  be  iniermittentl^  rocked  by  band  or  any  suitable  automatic 
meehaoiMn — for  instance,  as  shown — in  which  an  arm  O,  is  secured  to  the  end  of 
the  abaft  H  ontside  the  reservoir,  and  is  drawn  in  one  direction  by  a  spring,  O',  and 
palled  in  the  other  by  a  bell-crank  lever,  8,  pivoted  to  a  frame,  T,  and  having  its  free 
mnn  provided  with  a  pin,  t . 

S  IS  a  latohet- wheel,  which  is  supported  in  a  bearing,  R',  and  provided  with  a  pin, 
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r,  on  it«  face,  which  is  arranged  to  strike  the  pin  s  during  the  rotation  of  said  ratchet- 
wheel.  This  ratchet-wheel  is  rotated  by  the  pawl  P',  pivoted  to  a  head  or  block,  P, 
carried  by  the  piston  rod  D',  the  said  pawl  being  pressed  against  the  ratchet-wheel 
by  a  spring,  p.  The  ratchet-wheel  R  is  prevented  from  rotating  in  the  other  direction 
by  a  pawl,  P*.  As  shown,  there  are  twelve  teeth  to  the  ratchet-wheel ;  hence  the  com- 
pressor will  make  twelve  double  strokes  to  uuike  one  revolution  of  said  ratchet-wheel, 
and  during  one  of  the  intermittent  movements  of  the  ratchet-wheel  the  pin  r  thereon 
strikes  the  pin  8,  n>cking  the  crank  S  and  suddenly  opening  the  valve  I  by  causing 
the  shaft  H  to  be  rocked.  As  shown,  it  is  discharging  from  the  rear  end.  If,  now,  it 
is  desired  to  move  backward,  the  hand-lever  M  is  moved  and  the  sleeve  K  moved  until 
its  clutch  k  meshes  with  the  clutch  J  on  the  forward  valve  I,  when  any  movement 
to  shaft  H  causes  the  discharge  to  tjike  place  in  the  oppowite  direction.  By  this  means 
a  great  and  stable  force  may  be  generated  in  the  reservoir,  and  which  may  in  an  in- 
stant be  made  unstable  by  the  opening  of  one  of  the  valves  I,  allowing  the  forces  to 
act  mainly  on  one  end  of  the  reservoir. 

To  guide  the  vessel,  tubular  extensions  E'  may  extend  out  of  the  reservoir  E  oa 
each  side,  as  shown  in  Fig.  3,  and  may  be  provided  with  valves  e.  By  this  means  a 
constant  discharge  may  be  used,  or  the  valves  may  be  opened  when  the  main  discharge 
takes  place  to  allow  the  unstable  equilibrium  of  forces  to  come  into  play  as  well  for 
steering  as  for  propelling. 

In  the  case  of  marine  vessels,  the  air  when  leaving  the  reservoir  E  may  be  conveyed 
in  all  or  part  below  the  water  by  a  pipe,  G*,  (see  Fig.  G,)  to  obtain  the  reactive  force 
on  the  water  as  well  as  the  resultant  of  the  forces  in  the  reservoir  when  the  discharge 
takes  place.  The  air  in  this  instance  may  be  controlled  by  a  valve,  Q,  in  the  rear 
discharge-nozzle  G'. 

I  do  not  limit  mys«^lf  to  the  details  of  construction,  as  they  may  be  modified  in  va* 
rious  ways  without  departing  from  my  invention. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  seonre  hj 
Letters  Patent,  is— 

(1)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends,  substantially  as  and  for 
the  purpose  specified. 

(2)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends,  and  automatic  mechan- 
ism to  intermittently  actuate  said  valves,  substantially  asand  for  the  pnrpose  specified. 

(3)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  disi^harging-ports  at  one  or  both  ends,  and  automatic  mechan- 
ism controlled  by  the  compressor  to  interniittently  actuate  said  valves  after  a  certain 
number  of  strokes,  substantially  as  and  for  the  pnrpose  specified. 

(4)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends  and  on  its  sides,  substan- 
tially as  and  for  the  purpose  specified^ 

(5)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  having  discharging-ports  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  oi  said  valves  operative,  but  not  both  at  the  same  timei 
substantially  as  and  for  the  purpose  specified. 

(6)  A  motor  consisting  of  meaus  to  compress  air,  in  combination  with  a  storage- 
reservoir  having  discharging-ports  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  of  said  valves  operative,  but  liot  both  at  the  same  time, 
and  automatic  mechanism  to  intermittently  actuate  said  valve,  substantially  as  and 
for  the  purpose  specitiod. 

(7)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  having  discharging- 
ports  Pf  valves  I,  having  ports  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittently 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  k,  and  means  to  move  said  sleeve,  sub- 
stantially as  for  the  purpose  specified. 

(8)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  havinf^  discharginff- 
ports  </,  valves  I,  having  port-s  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittently 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  k^  and  means  to  move  said  sleeve,  con-^ 
sisting  of  arm  L,  shaft  L',  lever  M,  and  means  to  lock  said  lever  M  in  its  extreme 
positions,  subst^mtially  as  and  for  the  purpose  specified. 

(9)  The  combinatiou  of  compressor  D,  pipe  F,  reservoir  E,  having  ports  g,  valves  I, 
haviug  ports  i,  shaft  H,  arm  O,  lever  S,  having  pin  8,  ratchet-wheel  R,  having  pin  r, 
piston-rod  D\  and  pawl  P',  substantially  as  and  tor  the  purpose  8i>ecified. 

(10)  The  combination  of  the  air- compressor  D,  pipe  F,  reservoir  E,  a  discharging- 
valve,  means  to  intermittently  actuate  said  valve,  and  means  to  guide  the  discharged 
air  in  one  or  more  directions,  substantially  as  and  for  the  purpose  specified. 

In  testimony  of  which  invention  I  hereunto  set  my  hand. 

RUSSELL  THAYER. 
Witnesses: 

R.  M.  Hunter, 
FrancisS.  Brown. 
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M.L8.  BUCKNEWS  AERIAL  DROP  FOR  EXPLOSIVES,  BY  THE  ORDNANCE 

BOARD. 

(1  plate.) 

The  following  letter  was  received  from  the  Chief  of  Ordnance  Januarj 
21^1885: 

Dr.lL  L.  S.  Buckner,  of  Shelbyville,  Ky.,  introduced  by  Senator  Beck,  is  the  in-     ^ 
mtor  of  a  method  of  using  high  explosives  from  balloons. 

He  will  call  at  the  New  York  Arsenal  next  Saturday j  and  the  Board  will  ^ive  him  an 
iiftemew  and  examine  his  plans,  reporting  their  opinion  and  what  action,  if  any, 
be  taken  by  the  Department  in  experimenting  with  the  invention. 


Dr.  Backner  appeared  before  the  Board  January  24,  1885,  with  a 
BOdd  of  his  apparatus  and  explained  its  operations. 

He  sabsequeutly  sent  to  the  Board  a  copy  of  his  application  for  a 
mteot,  ^ving  a  drawing  and  specifications  which  is  herewith  appended. 
be  desires  that  this  be  kept  secret  for  the  present. 

The  machine  is  ingenious  and  there  seems  to  be  no  doubt  that  it  will 
vork  and  drop  its  explosives  at  the  fixed  time  to  which  the  alarm-clock 
BAy  be  set.  The  machine  has  to  be  suspended  from  a  balloon,  and  to 
be  efficient  would  require  a  very  accurate  knowledge  of  the  force  and 
diieetion  of  the  wind  at  different  elevations,  and  of  course  at  best  could 
only  be  used  under  the  most  favorable  circumstances  and  when  the 
wiiid  was  blowing  in  the  direction  of  the  object  to  be  reached.  The 
Board  is  not  sufficiently  versed  in  the  science  of  aerostation  to  express 
go  opinion  as  to  the  probable  accuracy  with  which  a  balloon  can  be  es- 
tonated  to  reach  a  given  point  and  the  length  of  time  required  to  do  so. 
The  Board  would  therefore  suggest  that  this  matter  be  referred  to 
one  who  has  made  a  study  of  this  subject. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKBB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 


■TBCinC^TION    FORMING    PART    OP     APPLICATION    FILED    SEPTEMBER    17,    1884,     BT 
MOSES  L.  8.  BUCKNER  FOR  AERIAL  DROPS  FOR  EXPLOSIVES. 

[AUowed  October  4,  1884.] 
l\i  «U  vkon  it  may  concern : 

^B«H  known  that  I,  Moses  L.  S.  Backner,  a  citizen  of  the  United  States,  residing  at 
BWbyriUe,  in  the  county  of  Shelby  and  State  of  Kentucky,  have  invented  a  new 
yflycfal  improvement  in  aerial  drop  for  explosives,  of  which  the  following  is  a 
•■■oiption.  ^ 
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This  invention  relates  to  aerial  transportation  of  explosives  and  dropping  them  in 
warfare ;  and  it  has  for  its  object  to  reach  the  enemy  with  destrojinff  agents  at  dia-> 
tances  greater  than  may  be  done  by  any  present  known  method  of  uirowing  projeo- 
tiles. 

To  this  end  my  invention  consists  in  the  construction  and  combination  of  part^ 
forming  the  aerial  drop  for  explosives  hereinafter  described  and  claimed,  reference 
being  had  to  the  accompanying  drawings,  in  which  Fig.  I  is  a  front  view  of  my  inven- 
tion and  Fig.  2  shows  the  principal  parts  in  detail. 

A  represents  a  frame  of  any  suitable  form  to  support  a  common  time-keeping  clook. 
B|  and  my  explosive  dropping  arraDgemeuts,  and  to  be  supported  by  a  balloon,  C.  D 
is  a  belt  or  chain  monntea  to  rotate  on  pulleys  £  F.  The  pulley  E  is  a  mere  roUer, 
and  it  may  be  joumaled  on  a  level  with  the  pulley  F,  so  as  to  cause  the  belt  to  traverse 
horizont4illy ;  or  it  may  be  jourualed  above  the  pulley  F,  causing  the  belt  to  travel 
vertically.  G  G  are  buckets  or  other  receptacles  for  carrying  explosives  in  any  snit- 
able  form.  These  receptacles  may  hang  sideways  against  the  belt,  as  at  G',  or  they 
may  sit  flat  upon  the  belt,  as  at  G'^.  In  either  case  the  revolving  of  the  belt  tips  the 
buckets  to  discharge  their  contents  as  each  passes  over  one  of  the  pulleys.  The  re- 
ceptacles may  be  arranged  in  any  desired  order  on  the  belt,  either  clustered  together 
or  equally  spaced  over  its  entire  length.  The  pulley  F  is  connected  by  a  train  of 
gear-wheels  with  a  propelling-spring,  H,  its  rate  of  revolution  being  governed  by  a 
Sin- wheel,  I,  whose  olades  being  resisted  by  the  air  are  restricted  to  a  given  speed. 

This  portion  of  the  device  is  common  clock-work,  siich  as  is  used  for  similar  par^ 
poses,  and  it  is  here  called  **  propelling  mechanism."  This  propelling  mechanism,  after 
being  wound  up,  remains  fixed  until  the  clock-hands  arrive  at  the  figures  indicating  the 
time  at  which  the  device  has  been  previoubly  set  to  start;  then  it  starts  to  revolve  and 
continues  to  revolve  until  the  contents  of  the  receptacles  G  are  emptied — that  is,  nntil 
the  belt  D  has  made  a  complete  revolution.  The  ehaft  of  the  driving-pullev  F  woald 
start  at  once  to  revolve  as  soon  as  the  spring  H  is  wound  up,  but  its  revolution  is  pre- 
vented in  the  same  manner  as  the  alarm  of  a  clock  is  prevented  from  operating  until 
a  given  time.  J  represents  the  time-hand  of  the  starting  device,  and  K  is  the  knob 
by  which  it  is  set.  In  service  my  aerial  dropper  for  explosives  will  be  managed  ao- 
oording  to  the  rules  of  scientific  gunnery  and  engineering. 

The  speed  and  course  of  the  wind  and  the  distance  to  the  enemy  being  ascertained^ 
it  only  remnins  to  locate  the  starting-point  in  the  proper  line,  set  the  time-esoape- 
ment  to  the  number  of  minutes  or  hours  required  for  the  balloon  to  travel  that  dis- 
tance, then  start  the  balloon.  Dynamite  and  such  like  powerful  explosives  may  be 
thus  dropped  upon  the  enemy  from  overhead,  where  he  is  least  protected. 

A  fort,  an  array,  or  vessels  may  be  thus  destroyed  by  means  wholly  irresistible. 

What  I  claim  as  my  invention,  and  desire  to  secure  by  letters  patent,  is : 

1.  The  combination,  with  a  series  of  explosive  carrying-receptacles  arranged  to 
empty  their  contents  in  rotation,  and  means  for  rotating  them,  of  clock-work  con- 
nected with  said  means  of  rotation  to  start  it  to  rotating  at  any  given  time  and  a  bal- 
loon for  carrying  the  said  apparatus. 

2.  The  combination,  with  ihe  frame  A,  and  the  pulleys  E  and  F,  Joumaled  therein, 
of  the  belt  D,  mounted  to  rotate  on  the  puUays,  the  receptacles  G,  attached  to  the  belfe| 
the  spring  H,  and  gear-wheels  connecting  it  with  the  driving-pulley  F,  the  clock  B, 
provided  with  the  setting-knob  K  and  time- hand  J,  means  connecting  the  clock  with 
the  pulley  F,  the  balloon  C,  supporting  the  frame  A,  and  attachments,  snbstantiidly 
as  shown  and  ^escribed, 'whereby  explosives  may  be  transported  through  the  air  for  a 
given  length  of  time  and  then  be  dropped,  as  specified. 

The  above  specification  of  my  invention  signed  by  me  in  the  presence  of  two  sub- 
scribing witnesses. 

MOSES  L.  S.  BUCKNER. 
Witnesses : 

W.  X.  Stevens. 
Solon  C.  Kernon. 
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flMnfGS     WITH    HOTCHKISS    MOUNTAIN    GUN.     BY    THE    ORDNANCE 

BOARD. 

(2  plates.) 

The  (oiD}  its  carriage  aud  ammunition  are  described  and  illustrated 
ID  the  Rei>ort  of  the  Chief  of  Ordnance  for  1881,  page  133,  et  seq. 

Ike  experiments  tabulated  below  were  carried  on  by  order  of  the  Chief 
of  Ofdnance  given  in  an  indorsement  dated  December  9,  1884,  on  a 
lelter  from  B.  B.  Hotchkiss.  This  letter  states  that  the  report  above 
referred  to  gives  too  high  a  velocity  for  the  projectile  and  charge  of 
powder  used.  Examination  of  the  report  shows  that  the  weight  of  the 
profeetile  is  recorded  as  2  pounds  10  ounces,  whereas  it  should  have 
beeo  given  as  2  pounds.  The  other  data  of  the  report  on  this  subject 
are  ocnrect.  An  inclosure  to  the  letter  of  Mr.  Hotchkiss  gave  a  schedule 
of  work  required  and  field  data  to  be  obtained  for  computing  a  range 
table  for  the  mountain  gun  and  supplied  a  form  according  to  which  it 
was  desired  that  the  records  might  be  furnished.  The  firing  records  in 
the  osoal  form  are  furnished  with  this  report,  and  the  same  records 
arranged  as  desired  by  Mr.  Hotchkiss  are  as  follows : 

THtfit  eomdmcted  between  January  30  and  February  20,  1885,  under  instructions  from  the 
Ckirf  tf  Ordnance  dated  December  9,  1884,  with  the  Hotchkiss  42-millimeter  mountain 


flsL  Ol^aet  of  tri»l|  the  detenninatioii  of  velocitiefl  at  100  and  550  feet  from  mazzle  with  deviations 

from  center  of  impact.] 

CONDITIONS  OF  FIRING. 

FrtjeetiU:  Cast-iron  shell  weighted  to  1  pound  15  ounces. 

Charge:  Powder,  Du  Font's  H  N;  density,  1.607;   granulation,  22930;  weight,  5| 


Pointing:  Inclination  -f  2,', 

Wind:  Direction^  front  and  right,  48^  (angles  read  from  the  lino  of  fire  in  each  quad- 
rmot) ;  force,  5.9  feet. 
Barometer,  30".315;  thermometer,  27o.3;  wet  bulb,  24^.2;  dew  point,  16o.9. 

The  gun  on  its  carriage  was  fired  from  a  plank  walk,  occupying  pre- 
euely  the  same  position  for  each  round ;  the  service  sights  of  the  gun 
were  ased  in  pointing,  but  elevations  were  given  with  the  quadrant. 
The  board  target  was  distant  from  the  muzzle  620  feet,  and  its  bulPs-eye 
was  0.9  feet  above  axis  of  trunnions  of  gun.  No.  32  wire  was  used  on 
the  velocity  targets.  The  powder  charges  were  weighed  out  on  scales 
recording  one-foarth  grains. 
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I    I 


T  or  InpMt. 
HsrliDDUI. 


AboTf.   Balaw.    RJght.      LofL  I  Abora.   Below.    Sl^ht.      LffU 


S  +V  

8  +2-  i,sn 

4  +V  1,«0 

a  +V  l,S75     I 

«  +*  1,379     I 

7  +!'  1,  STO.  51 

8  +y  1.M3    I 


i  ?w. 

0.«l 

o!o« 

ft*. 

0.328 

I.  OK    .. 

FmI.    1    FtH.  1 

";;;;    o.'»« 

0.421 

0.401    

:"::::l  VS 

0.441  1 

.  ■-....  "i.'iw 

ilM  ,    2.1H 
4.1^+10=0.41 

0.5^ 

0.M 
0.31 

0.40S  1 

0.472    

oIbi 

S.2U 
=0.182 

..» 

0.M 

2.22S      2.228 

■-- 

2.  iB.»ia 

=O.S-.B 

4.45<+10=0.4S 

[Namberof  Bhotii.  10.] 


'  AH«f«'- 

At  £50  rwt.  1 

V       MMD'alocLlr 

Vm    UiuimanvBlwit;.... 

1.277.0 

1.283 

1.270 

1.187.2    1 

lino 

3.S5 

4.20 

12.  Object  of  trial :  fUnge  HHag  over  ibe  se*  M 


>r  nngei;  drift  sad 


Pointing:  Inclination,  lit  series,  3°;  'Jd  series,  6°. 
mud:  DirectiDn,  rear  anil  left,  55"^ ;  force,  5.1*  feet. 
Barometer,  30". 1S4;  thermometer, -Jd.l ;  wet  billli,  2!>°.6;  dew  point, -2<F.l. 

Gun  fired  from  plaiik  wulk.  Elevations  givea  with  qaadraat,  aud  as 
recorded,  uot  corrected  for  angle  of  jump  or  differeDCO  of  level.  Bangea 
plotteti  by  plaiie-tikbltfs. 


V.I,! 

[Angle 
nloaa  or 

r  slevaClon  S°.    Aili  o 
KUiil3.S3rHlabaTe»i 

r  tron.  1 

l-IOTfL] 

T 

1  b»r  "or 

,  1  ^:'-:_ 

T 

^"ot       y"^ 

"'■"• 

8.0 

B       2.342 

1* 

8.0 
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Angle 

Number  of  shots 

X  Mean  range yards. . 

Xm        Maximam  range yards.. 

Xm        Minimum  range 1 yards.. 

Xm — m  Extreme  deviation yards . . 

8  Mean  longitadinal  deviation . . .  yards . . 

Ratio  of  mean  deviation  to  mean  range 

Trueran|i[e yards.. 

Mean  drift yards.. 

Maximum  drift yards.. 

Minimum  drift yards.. 

Extreme  deviation  of  drift yards. . 

Mean  drift  deviation yards. . 

r  Ratio  of  mean  drift  to  mean  range  . . . 

jy  True  drift yards.. 

T  Meantime seconds.. 

Tm         Maximam  time seconds.. 

Tm         Minimum  time seconds.. 

Tm — m  Variation  of  time seconds . . 


X' 
D 
Dm 
Dm 
Dm— m 


30 
10 
1,477 
1,494 
1,467 
27 
8. 2 
0.0055 


4.6 

8 

2.75 

5.25 

1.57 

0.0031 


10 
2,333 
2.361 
2,267 

04 

ia6 

0.0079 


12.5 

16 

10 

6 

1.55 

0.0054 


4.49 
4.5 
4.4 
0.1 


7.83 
8.25 
7.75 
0.5 


.  Olt^eet  of  trial :  Range  firing  over  tlie  sea  at  9^  and  12^  elevation  ,*  measurement  of  ranges;  drift 

and  time  of  flight.] 

CONDITIONS  OF  FIRING. 

Prwfetaie:  Cast  iron  nhell  weifi^hted  to  1  pound  15  ounces. 

Chmrfe:  Powder,   Du  Pout's  HN;  density,  1.607;  granulation,  22.930;   weight,  5i 

FmmUng:  Inclination,  Ist  series,  9°;  2d  series,  12^. 

ffimd:  Direction,  rear  and  right,  M'^ ;  force,  14.7  feet. 

BftTOowter,  29''.916  ;  thermometer,  25.1 ;  wet  bulb,  2*3°. 3  ;  dew  point,  190.O. 

Gqd  fired  from  plank  walk.  Elevations  given  with  quadrant,  and  as 
^corded,  not  corrected  for  angle  of  jump  or  difterence  of  level.  Banges 
lotted  by  plane-tables. 


[Angle  of  elevation  9^.     Axis  of  tmn- 
nionaof  gnn  13.8  feet  above  sea-level.] 


[Angle  of  elevation  12<^.    Axis  of  trnh- 
nions  of  gnn  14.55  feet  above  sea-leveL 


Nnm- 

ber  of 

shot. 


1 
2 
3 

4 
5 
6 
I 

8 

0 

10 


X 

yards. 


2,982 
2.989 
2,989 
2,985 
2,996 
3.002 
2,996 
3.012 
2,998 
2.998 


D  yaids. 


Left. 

Right. 

11.75 

1 

)2.50 

12.50 

14.5 

1 

13.25  ; 

13. 75  1 

13.25    

16.75  1 ! 

15.5 
15.5 

T 

sec- 
onds. 


Num- 
ber of 
shot. 


X 

yards. 


D  yards. 


n 

Lost. 
11 
11 

11.25 
11        I 
10.75  i 
11 
11 
11        I 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


3,592 
3,589 
3,596 
3,604 
3,614 
3,569 
3,567 
3,626 
3,  626 
3,569 


Left. 


Right. 


T 

sec- 
onds. 


13.25 
17.5 
9 
14 
14.5 
12 

16.75 
14.75 
14.75 
12 


14 

14.13 

13.75 

14.0 

14 

13.75 

13.75 

14.0 

14.0 

14.0 


Angle 

Number  uf  shuts. 

X 

Xm 

Xm 

Xm— m 

§ 

X' 

D 

Dm 

Dm 

DM-m 

R 

T 

jy 

T 
Tm 
Tm 
Tm— m 


Mean  range yards.. 

Maximum  range yards.. 

Minimum  range yai-ds.. 

Extri'me  deviation yards. . 

Mean  longitudinal  deviation  . .  yards. . 
Ratio  of  mean  deviation  to  mean  range 

True  range yards. 

Mean  drift yanis.. 

Maximum  drift yards.. 

Minimum  drift yards.. 

Extreme  deviation  in  drift yards.. 

Mean  drift  deviation yards.. 

Ratio  of  mean  drift  to  mean  range 

True  drift yards.. 

Mean  time seconds.. 

Maximum  time seconds.,' 

Minimum  time seconds . . 

Variation  of  time seconds. . 


90 

10     i 
2,995 
3,  012 
2. 982 
30 
6.7    ' 
0!  00224' 


120 

10 
8,595 
3,626 
3,567 

59 

lao 

0.005 


13.93 
16.75 


11. 
5. 
1. 
0. 


75      I 

0        ! 

31      i 
00465 


14.85 
17.5 
9 

a5 

1.9 
0.0030 


11 

11.25 

10.75 

0.5 


13.94 

14.13 

13.75 

0.38 
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[4.  OttJect  of  trial ;  the  determinatioD  of  the  aogle  of  Jmnp  at  0°,  3^,  ep,  O^,  and  12^.1 

CONDITIONS  OP  FIRING. 

[Projectile:  Cast-iron  shell  weighted  to  1  poand  15  ounces.   Charge :  Powder,  Da  Pontes  H.  K. ;  denaity 

1.607;  granulation,  22930;  weight,  5}  ounces.] 


First  series.      Second  series. 


I  I 

I  Pointing:  Inclination degrees..  0  and  3  6,9,andl2 

I  Wind:  I 

'        Direction  from  r«»ar  and  ri$rht do 43    

,        Direction  fh>m  rear  and  left do '  3 

Force   Jfeet..  29:8  35.2 

Barometer inches..  20,969  29,953 

Th«»rmometer degrees..  '               19.9'  14.8 

Wetbulb do...  17.1,  12.8 

Dew  poiut do 7.8;  5.6 


Gun  fired  from  plauk  walk  at  target  distant  100  feet.     Elevations 
given  with  quadrant  and  gun  sighted  by  cross  hairs  in  bore  of  gun. 


Number  of  shots.    Elevation,      ^"^p®^ 


3. 

3 

3. 

3 

3 


Degrees. 

,    «' 

0 

15-51  ; 

3 

22-23 

6 

22-48 

9 

19-40 

12 

17-18  ' 

Note. — X'  D'  Vo  are  not  calculated,  but  the  data  called  for  from 
which  thev  may  be  obtained  are  all  given. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

GEO.  W.  McKEE, 

Major  of  Ordnance, 
CHARLES  5SHALER, 

Captuin  of  Ordnance, 
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Record  of  firing  mth  Hotchkits  42'millimeter  mountain  gun  I 


Powder. 


I 


Time. 


o 

6 

1^ 


Kind. 


P.  M.  —  Barometer, 
29.903;  thermom- 
eter, 31.9;  homid- 
ity,C7. 


1885.    I 
Jad.   21 


I 


2  Jad.  21 

3  Jan.  21 

I 

4^an.  21 

5,Jan.  21 

6  Jan.  21 

7  Jan.  21 
I 

8;Jan.  21 

I 

9  Jan.  21 

10  Jan.  21 

11  Jan.  21 

12  Jan.  22 
]3;Jan.  22 
14  Jan.  22! 


a 

s 
o 


Projectile.  I 


Wt 


Kind. 


la 


6 


/•I 


< 


6 


ft^o^ 


4)  flS 


6 
6 
6 

re 

6 

6 
6 
H 


A.  M. — Barometer. 
80.457;  thermom- 
eter. 12.9 ;  hnmid-  ^ 
ity,70. 


15  Jan.    22j 

I  i 

16  Jan.   22 


> 


17 Jan.  22:, 

r 

18'Jan.  22 

'  I 

19  Jan.  22 

20!  Jan.  22; 

I  I 

21  Jan.  22 

22  J  an.  22, 


s  >.© 

ill 


o 

CO 

ci" 
c« 

a 

JO 

S 
§ 


•2   < 


I    ' 

k 


>i: 


A.  M. — Barometer, 
80.584;   thermom- 
eter, 21.7;  homid- ^ 
ity,77. 


23  Jan.   23 

!  j 

24'jan.    23; 

j  ! 

25'jan.   23 

26'jan.   23' 

!  I 

27  Jan.   23 

28'jan.    23| 

i  I 

.    29  Jan.    231 


a 
P 


SZ5 


§ 

s 


< 


54' 


a 

a 

p. 


.a 
o 


a 
s 

O 


15 

i     I 

15 

I 

15 
15 

15 

i     '■ 
15 

;i5 

15 

I    I 

15 

i 
15 

15 

I     I 

'     i 

15| 

I     I 
151 

il- 
ia 

15 
,5' 

I 

15 

i     I 
15; 


•1" 

1  15 

115 

1     I 

115, 
115' 


§ 

cB 


o   1  FMt.  i    Feet. 
0 '  Lost. 

01 i  1,225 

!  i 

0 1,226 


a 
8 

& 

Feet 


1,224 


0 1,240 

1         ! 

0 !  1,232 


0    

0 


1,226 
1,213 


0 1  1.215 


0 

I 

0' 

I 
0, 

i 

01. 

I 

0, 

0', 

i 

Or 

I 

0. 

0 

0 

0 

ol 


1,210 

1,195 

Lost. 

1,262 

1.294 

1,272 

1,269 

1.277 

1,321 

1,323 

1,312 

1,323 


15       0" i  1,328 


2.  1,207!   Lost 
2;  1,245   1.335 


2,  Lost 


1,333 


2   1,232  1,330 


2  Lost 

I 
2;  Lost 


1,346 
1,344 


2   1,278   1,382 


s 

is » 

^*    A.. 

a 


p 

o 

a 

eS 
« 

.2 

e 


1" 


!    S 


:  J 


n 

eS 
flS 

£ 

2 


d 
o 

a 

e8 

c 

o 

a 

B 

o 

CO 


o 

CO 

c 

9 

c 

eS 

s 

o 


& 


Is 
£ 


i^  £  ^ 
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tjr  Baok,  y.  J.,  front  Ja»uarg  21  to  Febmars  20,  1885. 


e.  wDnd  or  pn^ecUle  la  flight,  ■oaltarlng  of 


:  or  target,  i  DlaUnce  rronmeDlarorimpact, 


^''tllal.  Horiionlaa.     !       Tertit 

*W  M„».    Right.  I   Lett.   ,  Above.  I  1 


0.W 

J.  71 

0.7S 

»n 

0.41, 

aw 

tn 

2.7* 

(1.91  ; 

ical. 

Hexi. 

Beloir. 

KlBhl. 

0.13 

0.85 



2,7^ 

e,o. 

'0.W 

**'*7tt.OT       0.B(+7=0.O4    I    ^M+7=0.^T 


Beigbt  of  buU'i  oy  8  at  Ur- 

get  ahovn  kiln  nt  trno' 
Elon  of  gun,  0.0  feet 


U ess  TerlicBl  devlgtian  from  Ei 


lean    hoTii 

nIAl   deTliIion  fr 

pKt.  IMS. 
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Record  of  firing  with  Hotchkiss  42-miUimeter  mouutain  gun  Ao.  64,  a/ 


Powder.      Projectile.' 


Time. 


a 


Wt. 


>  E 


Weipbt  of  cubic  foot 
of  air,  573.9  (Glai- 
8her*8  tables). 

A.  M. —  Barometer,  '^' 
30.315:  thermome- 
ter, 27.3;    humid- 
ity, 63. 


Wei^htof  cubic  foot 

of  air,  570.7. 
P.  M.  —  Barometer, 

30.184;  thermome-^ 

ier,  28.1;    humid 

ily,  70. 


£  • 

o 
6  , 


1885. 
30  Jan.    30  1 

3lJau.  30 

32  Jan.  30 

33  Jan.  30 

34  Jan.  30 


KiDd. 


35 
36 
3; 
3h 
39 
4U 
41 
4'J 
43 


Jan.  30 

Jan.  30 

Tan.  30 

Jan.  30 

Jan.  30 

Jan.  30 

Tan.  30 

Jan.  3U 

Jan.  30 


44  Jan.    30 


45  Jan.  30 

46  Jan.  30 

47  Jan.  30 

48  Jan.  30 

I 

49  Jan.  30, 

50  Jan.  30 
51Jan.  30 

52  Jan.  80 

53  Jan.  30 

54  Jan.  30 


o 
n 

B 
O 

ei 

"5 
a 
« 

o 


s 


Jz5 

a: 


a 
o 

s 
Q 


I  •  Kind.    •    . 

.a  ^  « 

be  so 

»  SB 

>  P.  o 


8 
08 


H 

H 
H 

5^ 
Si 

H 
5i 
5* 


s 


© 
p. 


aD 

X 


H 

H' 

I    I 

H 

Hi 

I       I 

i     I 


.a 
o 


115 
115 
115 
1  15 
1  15 
1  15 
1  15 

115 

i 
1  15 

115 

115' 

115; 

1  15 
1  1.5^ 
1  15 


B  « 


2  Lost 
2  Loat 
2  1,193 
2  1,192 
2  1,181 
2  1.190 
2  1,187 
2  1,185 
2  1.183 
2  Lost. 

! 

2,  1,193 

I  t 

2|  1,179 

2  Lost 

2,  Lost 

2:  1,189 

I 


08  V^ 
B  « 


H 


a  * 


Fret. 
1.261 

1,280 

1,276    , 

1,274 

1,270 

• 

1,279 

1,275 

i.279 

1, 276.  5 

Lost 

1,283    , 

1,280    ' 

1,273 

1.278 

1,283 


Feet. 

laoo  1 

18.00 

laoo 

18.00 

laoo 
laoo 

18.00 

laoo  > 

18.00 

laoo 
laoo 
laoo 
laoo 
laoo 
laoo 


115  3 

I  115  3 

:  1 15  E 

1 15  3 

j  155  3 

i  1  15   3 

i 

i  1 15   3 

i    I    • 
lU   3 

i     I 
1 15;  3 

!    i 

i  i  1  15   3 

I     I 


a 

00 

s 

o 


B 


a 

mm* 


b 

B 

O 

a 

eg 

X 

a 


So 


a 

B 

o 
«^ 

S 


a 

08 


o 
o 

c  o 

•o 

8 


Ok 

a 
a 

o 
a 


<\ 
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IMiUDce  from  center  of  target, 
in  feet. 


YerticaL 


Horizontal. 


Distance  from  center  of  impact, 
in  feet. 


AboTe.iBelow.    Right. 


I 


Left. 


i  1.06 ;. 

,     0.22  '. 

IIOI ' 

0.50  '. 

iB  

0.38 

0.68  . 

0.33 

0.24  

1.35 

•.31  ' 

0.70 

•■a 


0.60 
0.04 


0.19 


0.71 
0.08 
0.11 
0.66 

0.81 
0.86 


0.07 
0.21 

1.21 

1.37 

0.52 
0.59 

Vertical. 

Horizontal. 

Above. 

Below. 

Right. 

Left. 

0.06 

0.78 

0.47 
0.81 

0.38 
1.21 



0.22 


0.32 
0.06 

0.08 

Special  remarks  abont  each  fire, 
sach  as  effect  on  piece,  soond  of 
projectile  in  flight,  scattering  of 
xragments.  See, 


0.10 
0.40 
0.05 

1.07 

0.42 


1.10 


0.61 


*«»■  Short.     Short.  '  Short.     Short.  '  Short. 


0.61 

1»1      5.83 


0.95 


0.33 


3.42  '      5.24         3.37  \      3.37 


^•S+U^o.ZS      1.  82+14=0. 13      6. 74  + 14  =0.48 


0.84 
0.21 
0.24 
0.79 

0.94 
0.99 


Short. 


a 


1.24 


4.39 


0.97 

Short. 

0.82 

4.39 


8.78-4-14=0.63 


to 

9 

u 

H  • 

.  a 
a  o 
a.o 

V4   go 

•*^  i 
$^ 


■♦J 

s 

eS 


'  From  this  roond  the  powder 
charges  were  weighed  on 
scales  measaring  ^  grains, 
while  previonsly  scales 
were  used  which  only  re- 
corded iV  ounce. 


Xtto 


««a  tfrtictl  d«fviation  from  center  of  impact 0'.48. 

■«M  horizontal  deviation  from  center  of  impact  0'.63. 

■'Mderiation  from  center  of  impact 0^.80. 


Height  of  bull's-eye  of  tar 
get  above  axis  of  trnn- 
nion  of  gnu,  0.9  feet. 


Time  of      ^„^.     I   Deflec- 
flight.    1    ^**°e«'         tion. 


Seconds. 

4i 
4i 

4i 

4i 
4i 


Yards. 
1,471 

1,480 

1,467 

1,467 

1,494 

1.479 

1,475 

1.493 

1,464 

1.480 


Yards. 
3   left. 

8  left. 

3   left. 

3  left. 
5   left. 

4  left. 
3}  left. 

5  left. 
2}  left. 
8   left. 


> 

o 

««« 

Sbl 

.2  t- 
5  * 
g  9  .  Axis  of  gun  13.95  feet  above 

•s  * 

CD     • 

•set 
®  5 
« 
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Record  of  firing  with  Hotchkiss  A2'miUimeier  mountain  gun  Xo.  64  at 


s 

s 
SZ5 


Time. 


Weight  of  cubic  foot 
of  air,  570.7. 

P.  M. — Barometer,  < 
30.184 ;  thermom- 
eter, 28.1;  hnmid- 
ity,70. 


Weight  of  ci^bic  foot 
of  air,  567.5. 

P.  M. — Barometer,  ^ 
29.916;   thermom- 
eter, 25.1 ;  humid- 
ity, 76. 


1885. 

55  Jan.  30 

56  Jan.  30 

57  Jan.  30 

58  Jan.  30 

59  Jan.  30, 

i 

60  Jan.  30 

61  Jan.  30 

62  Jan.  30 

63  Jan.  30 

I 
641  Jan.  30 

66  Feb.  3 

66' Fob. 

I 

67  Feb. 

I 

68  Feb. 

69  Feb. 

70  Feb. 

71  Feb. 
72Feb. 
73'Feb. 


Pi 

s 

s 


o 

9 

a 


( 

1      It 

I 

1 

1 

1 



1 .. .... 

1 

i 

( 
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Record  of  firing  uith  ffotchkiss  42-miUimetfr  mountain  gun  No,  64, 
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Sauiy  Booky  N.  J.,  from  January  21  to  February  20,  1885— Continaed. 
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Sperial  remarks  about  each  fire,  such  as  effect  on  piece,  soudcL  of  projectile  in  flight,  Boattering  of 

fragments,  Sec. 
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TRIAL    OF  BANDED  S-INCE   PROJECTILES   {EXPERIMENTAL).     BY  THE 

ORDNANCE  BOARD. 

(7  plates.) 

TJie  Chief  of  Ordnance  in  the  first  indorsement,  dated  December  8, 
1884,  on  Ordnance  OflSce  file  6555  of  1884,  directed  the  Ordnance  Board 
to  fire  certain  8  inch  projectiles  sent  from  Watertown  Arsenal. 

The  projectiles  (see  Plate)  were  in  six  lots  of  five  each.  The  lots  were 
marked  No.  1,  Ho,  1  modified,  No.  2,  No.  3,  No.  4,  and  No.  5.  The  body 
of  the  shot  was  the  same  in  all,  but  the  arrangement  of  the  bands  was 
different  in  each  lot.  All  the  bands  were  beveled  front  and  rear.  No. 
1,  No.  1  modified,  2,  and  3  had  single  bands  with  exterior  surfaces  which, 
independent  of  the  front  and  rear  bevel,  were  one  inch  wide. 

The  band  of  No.  1  commenced  with  a  cylindrical  surface  0.4  inch 
wide,  8.14  inches  in  diameter,  and  ended  in  a  conic  frustum  0.6  inch  wide, 
having  a  minimum  diameter  of  8.08  inches. 

The  band  of  No.  1  modified  had  a  fillet  0.15  inch  wide,  8.15  inches  in 
diameter,  then  a  cylindrical  surface  0.85  inch  wide,  8.08  inches  in  di- 
ameter. 

In  No.  2  the  surface  of  the  band  was  a  conic  frustum  with  maximum 
and  minimum  diameters  of  8.15  inches  and  8.08  inches. 

No.  3  had  a  cylindrical  band  1  inch  wide,  8.14  inches  in  diameter. 

No.  4  had  two  narrow  cylindrical  bands  0.32  inch  wide,  8.14  inches 
in  diameter. 

No.  5  had  two  broader  cylindrical  bands  0.5  inch  wide,  8.14  inches  in 
diameter. 

The  bands  were  generally  inserted  in  under-cut  grooves  0.15  inch 
deep,  but  in  one  or  more  projectiles  of  each  lot  the  grooves  were  0.10 
inch  deep. 

The  trial  of  these  projectiles  began  April  1,  1885.  One  of  each  lot, 
with  a  shallow  groove,  was  fired  into  the  sand  butt.  The  position  of 
the  baud  on  the  projectile  was  marked  before  firing,  so  that  if  during 
firing  any  slipping  should  t^ke  place  it  could  be  observed.  The  projec- 
tiles were  recovered  from  the  butt,  and  it  was  apparent  that  the  bands 
had  not  changed  their  position.  The  remainder  of  the  shot  were  fired  for 
acenracy,  and  the  results  are  given  in  the  inclosed  target  record.  The 
results  with  No.  I  and  No.  2  are  invalidated  to  some  extent  by  the  very 
•  variable  velocities  and  pressures  given  by  the  powder  used.  An  exam- 
ination showed  that  some  of  the  powder  had  been  damaged  by  long  stor- 
age. Lots  3,  4,  and  5  were  fired  with  powder  obtained  by  mixing  the 
contents  of  seven  barrels  together,  and  the  results,  as  shown  by  compar- 
ing the  velocities  and  pressures,  were  more  uniform.  The  principal 
inflaence  of  variations  in  velocity  would  be  upon  the  mean  vertical  de- 
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viatiou  frointhe  center  of  impact,  and,  leaving  this  out  of  consideration, 
the  record  shows  that  the  projectiles  marked  No.  4  and  No.  5  were  the 
best. 

Of  these  two  the  mean  horizontal  and  mean  absolute  deviations  were 
less  for  No.  5  than  for  No.  4.     On  the  other  hand,  with  the  same  angle 
of  elevation,  2^  25',  the  center  of  impact  was  about  7  feet  below  the  point 
aimed  at  with  No.  5,  while  it  was  6  inches  below  for  No.  4 ;  and  althoagh 
the  bands  of  No.  5  were  broader,  and  more  resistance  might  have  been 
expected,  the  mean  pressures  and  velocities  were : 
For  No.  5,  mean  velocity  l,50t)  feet,  mean  pressure  30,537  pounds. 
For  No.  4,  mean  velocity  1,525  feet,  mean  pressure  31,(500  pounds. 
This  accounts  for  the  fact  that  the  center  of  impact  was  higher  for 
No.  4  than  for  No.  5. 

As,  however,  the  mean  horizontal  and  mean  absolute  deviation  were 
less  for  No.  5  than  for  No.  4  the  Board  would  state  that,  from  the  lim- 
ited experiments  carried  on  so  far,  it  has  come  to  the  conclusiopi  that 
the  projectile  marked  No.  5  is  superior  to  the  others,  and  that  the  shal- 
low groove  prevents  the  band  from  slipping  as  well  as  the  deeper  one. 

T.  G.  BAYLOE, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 


4625  OB] 


KEPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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at  Samd^  Hook,  N.  J.,  from  April  1  to  April  7, 1885. 
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Smrndg  Haek,  N.  J.,  from  April  1  io  April  7,  1885— CoDtiDned. 
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THE     ORDNAKCE 


The  <_'Lief  oi'  Ordoaiice,  in  a  letter  dated  Jaiiiiar;?  S,  1885,  stated  that 
PMr.  C  P.  Wiiislow,tlie  inventor  of  a  iiitroRlyoeriue  shell,  woald  call  upon 
tLe  Boiird  and  explain  the  device.  The  letter  further  aiitborized  the 
Board,  if  it  deoined  the  plan  feasible,  to  order  a  few  shells  at  the  ex- 
pense of  the  Department.  After  examination  it  was  concluded  thiit 
the  invention  possessed  suiBcient  merit  to  warrant  a  trial,  ami  Mr. 
Winslow  was  i-equesled  to  have  I'onr  shells  made. 

Thtt  projectile  (see  iJlate)  is  formed,  like  a  Butler  shell,  with  an  ap- 
pendage resembling  a  eascabel.  The  neck  of  the  appendage,  to  whiuh 
a  wrench  is  fitted,  is  hesagoual.  The  part  corresponding  to  the  knob  is 
a  c.yliuder  terminating  in  a  s])herical  segment.  The  projectile  is  divided 
into  two  sections.  The  anterior  part  is  a  cylinder  with  an  ogival  bead 
and  contains  a  cavity  in  which  the  io^redients  to  produce  an  explosive 
compound  are  contained.  This  section  terminates  at  the  rear  end  in  a 
screwed  tenon,  by  means  of  which  it  is  fastened  to  the  rear  section. 
The  rear  seotion  is  provided  with  a  cavity  intended  to  receive  a  cast- 
iron  plauger  and  a  charge  of  rifle-powder.  Near  the  base  of  the  pro- 
jectile is  a  circuniferuntial  groove  in  which  time-fuze  composition  is 
driven.  This  groove  is  connected  with  the  rifle-powder  in  rear  of  the 
plunger.  An  axial  chamber  is  bored  in  the  plunger  and  contains  a 
small  charge  of  ritle-powder.  The  rear  of  this  chamber  is  closed  by  a 
screw-plug  containing  a  vent  fllled  with  slow-burning  composition. 

The  materials  used  for  producing  an  explosive  compound  are  glycer- 
ine and  couceutrated  nitric  and  8uli)huric  acids.  Oue-half  quart  of 
sulphuric  acid  and  three  quarts  of  glycerine  were  mixed  in  one  vessel 
and  one  and  one-half  quarts  of  sulphuric  and  two  quarts  of  nitric  acid 
were  mixed  in  another.  A  portion  of  the  fli'St  mixture  was  placed  in  a 
large  glass  jar,  while  a  small  jar  placed  within  the  first  was  filled  with 
a  portion  of  the  second  mixture.  The  liquid  contents  of  the  inner  jar, 
and  of  the  outer  jar  when  the  inner  one  is  inserted,  are  equal  in  quan- 
tity, hence  the  proportions  of  the  liquids  are,  sulphuric  acid,  2j  uitriu 
acid,  2,  and  glycerine,  3.  The  usual  proportions,  when  nitro-glycorineis 
manufactured  by  the  ordinary  processes,  are  about  as  follows;  Sulphuric 
acid,  6j  nitric  acid,  3;  glycerine,  I. 

The  jars  are  fastened  together  by  screw-caps  and  are  placed  within 
a  tin  cylinder,  open  at  both  ends,  wliich  fits  the  shell  cavity.  Stout 
Twss-bars  traverse  the  ojwn  ends  of  the  cylinder  and  the  exterior  glass 

»el  is  fastened  to  the  bars  by  strong  bands,  which,  aided  by  rubber 
^aps,  are  designed  to  prevent  the  rupture  of  the  Jars  when  the  piece  is 
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fired.  This  rnptnre  is  intended  to  be  effected  in  the  following:  manner: 
The  time-fuze  is  cut  at  any  point,  and  when  the  projectile  has  traversed 
a  certain  portion  of  its  trajectory  the  charge  of  rifle  powder  in  rear 
of  the  plunger  is  fired  and  the  plunger  is  forced  violently  forward. 
This  breaks  the  bottles  and,  in  connection  with  the  rotation  of  the  shell 
and  the  broken  fragments,  causes  an  intimate  mixture  of  the  glycerine 
and  the  acids  with  formation  of  an  explosive  compound.  When  the 
projectile  strikes  a  resisting  object  the  shock  of  impact  should  cause 
the  explosion  of  the  compound  thus  formed,  or,  if  this  does  not  occur, 
then  the  charge  contained  in  the  axial  chamber  of  the  plunger  will 
bring  about  the  explosion. 

The  trial  commenced  April  23,  1885,  when  a  shell  was  fired  over  the 
water  from  an  8inch  muzzle-loading  rifle  with  35  pounds  of  powder.  It 
could  not  be  ascertaini'd  whether  or  not  an  explosion  had  taken  place, 
for  from  the  fragments  that  struck  near  the  gun  it  appeared  probable 
that  the  projectile  had  been  broken  up  by  the  shock  of  discharge.  A 
second  round  was  fired  over  land  with  30  pounds  of  powder,  the  fuze 
being  set  at  five  seconds.  The  shell  burst  in  the  air  in  two  and  one- 
half  seconds,  and  from  the  peculiar  appearance  of  the  smoke  the  rup- 
ture was  regarded  as  due  to  the  explosion  of  a  substitution  compound. 
In  the  third  round  fired  with  a  30-pound  charge  over  the  water  no  ex- 
plosion took  place.  The  fourth  projectile  was  exploded  by  means  of 
an  electric  primer  in  an  iuclosure.  The  shell  broke  at  the  screw-thread 
into  two  pieces,  the  head  being  thrown  some  25  feet  out  of  the  inclosure. 
The  bott'Om  was  forced  against  the  side  of  the  inclosure. 

In  conclusion,  the  Board  would  report  that  the  acids  can  be  safely 
transported  to  any  point.  The  mixture  can  be  effected  without  danger, 
and  a  shell  arranged  to  contain  them  may  be  fired  from  a  gun  without 
injury  to  it.  With  the  mixture  used  an  explosive  compound  is  proba- 
bly formed,  although  the  proportions  of  the  ingredients  were  not  such 
as  to  give  the  be.st  results.  If  they  had  been,  and  if  the  greatest  pos- 
sible amount  of  nitroglycerine  producible  by  the  ingredients  which 
the  shell  cavity  could  contain  were  formed,  it  is  not  thought  that  the 
effect  would  be  equal  to  that  resulting  with  an  ordinary  bursting  charge 
of  gunpowder. 

The  Board  would  therefore  recommend  that  no  further  trials  be  car- 
ried on  with  this  device  or  with  devices  closely  resembling  it  in  prin- 
ciple. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEB, 

Major  of  Ordnance. 
CHARLES  SHALER,- 

Captain  of  Ordnance. 
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GABBJCK'8  MORTAR  AND  PROJECTILE  FOIt  HIGH  EXPLOSIVES. 

BY  THE  ORDNANCE  BOARD. 

A  letter  from  the  Cbief  of  OrdoaDce  dated  May  23,  1885,  directed  tbe 
OrdDauce  Board  to  try  Mr.  Garrick's  new  raortar  aud  shell  at  as  early 
a  date  as  practicable,  and  report  the  result. 

On  May  26  Mr.  Garrick  delivered  the  letter  in  person  and  explained 
his  device  for  firing  gun-cotton.  Atlas  powder,  dynamite,  blasting-gela- 
tine, nitro-glycerine,  singly  or  combined,  and  requested  that  if  there 
was  any  substance  procurable  which  was  a  more  violent  explosive  than 
those  above  mentioned,  he  might  be  supplied  with  it.  He  stated  that 
be  had  made  a  very  powerful  explosive  mixture  composed  of  nitro- 
glycerine and  charcoal  dust,  but  that  its  power  would  be  enhanced  by 
substituting  the  powdered  cinder  from  a  smith's  forge  for  the  charcoal. 

Tbe  piece  was  a  cast-iron  toy  mortar  with  a  cylindrical  chamber,  a 
bore  2i  inches  long  and  2  inches  in  diameter.  With  its  bed  it  weighed 
8^  pounds.  The  teeth  of  a  wheel  fastened  to  the  left  trunnion  inter- 
mesbed  with  those  of  two  small  pinions  fastened  to  the  mortar  bed,  one 
in  front  and  one  in  rear  of  the  trunnion  bed.  In  the  face  of  each  pinion 
a  slot  was  cut,  into  which  the  end  of  a  strong  lever  could  be  inserted. 
Movement  of  the  lever  caused  rotation  of  the  pinion,  and  in  accordance 
with  tbe  direction  of  this  rotation  the  piece  was  elevated  or  depressed. 
A  gripper  fastened  to  the  right  side  of  the  mortar  bed  could  be  closed 
by  a  lever,  and  when  closed  held  the  right  trunnion  firmly,  preventing 
any  change  in  theelevation  of  the  mortar  until  the  trunnion  was  released. 

Tbe  projectile  was  composed  of  an  outer  shell  with  a  hemispherical 
bottom,  cylindrical  sides,  and  a  flanged  mouth,  the  flange  being  wide 
enough  to  project  slightly  over  the  oiltside  of  the  mortar  when  the 
shell  was  in  place.  A  transom  was  bolted  to  the  flange,  and  supported 
an  inner  spherical  shell  intended  to  contain  the  bursting  charge.  A 
tube  screwed  into  the  shell  passed  through  the  transom  and  was  so 
arranged  that  a  copper  cartridge  could  be  inserted  and  exploded  by 
percussion  or  by  a  piece  of  quick-match.  The  inventor  stated  that 
tbe  flange,  by  presenting  a  large  surface  for  the  action  of  the  powder 
gases,  would  greatly'  increase  the  range,  and  that,  furthermore,  it  would 
divert  the  inflamed  gases  and  prevent  the  ignition  of  the  fuze  or  the 
high  explosive  placed  in  the  inner  shell.  The  outer  shell  could  be  filled 
with  water,  which  would  diminish  the  shock  of  firing  upon  the  bursting 
charge.  The  inventor  further  requested  that  cylindro-conoidal  shells, 
charged  with  gun-cotton  and  his  mixture  of  nitroglycerine  and  charcoal 
dost,  might  be  fired  from  a  musket  barrel  provided  b}^  him  ;  which  re- 
quest the  Board  acceded  to. 

The  trial  began  May  28,  1885,  and  the  results  are  shown  in  the  in- 
closed firing  record. 
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The  coDclusion  of  the  Board  is  that  any  high  explosive  in  the  market 
could  be  fired  with  Mr.  Garrick's  small  mortar  and  shell ;  that  where 
sach  small  firing  and  bursting  charges  are  used  they  could  be  fired 
from  his  mortar  with  an  ordinary  shell ;  that  Mr.  Garrick's  device  is 
absurd,  and  to  experiment  with  it  any  further  would  be  ridiculous. 
The  Board  deems  it  its  duty  to  remark  that  Mr.  Garrick's  ignorance  of 
explosives  and  his  carelessness  in  handling  them  are  such  that  he  should 
under  no  circumstances  be  permitted  to  experiment  further  at  the  prov- 
ing ground,  lest  he  may  injure  the  Gt)vernment  employes  or  destroy 
Government  property. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  MoKEB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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TRIAL  OF  SHELLS  CHARGED  WITH  EXPLOSIVE  GELATINE,     BY  THE  OBD 

XAyCE  BOABD. 

(1  plate.) 

In  its  progress  report  ou  explosive  gelatiue  (Appendix  19,  Report  of 
the  Cbief  of  Ordnance,  1884)  the  Ordnance  Board  stated  that  the  trials 
of  the  gelatine  in  8-inch  cast-iron  screw  shells  *'  were  suflBciently  suci^ess- 
ful  to  warrant  the  Board  in  suggesting  six  steel  shells  to  be  niade.'^ 
The  suggestion  having  been  approved,  the  shells  were  made  at  the  Mid- 
vale  Steel  Works,  and  afterward  machined  at  Sandy  Hook  and  the 
West  Point  Foundry.  Three  of  them  were  cast,  and  three  forged.  The 
ultimate  tenacity  of  the  cast  was  122,398  pounds,  and  of  the  forged 
150,066  pounds  per  square  inch,  respectively.  The  interior  cavity  was 
the  same  for  all,  being  a  cylinder  terminated  ogivally  (as  shown  in 
plate),  it  being  believed  that  this  shape  would  give  greater  strength 
and  penetration  to  the  shells.  The  shells  opened  at  the  rear,  and  were 
closed  by  a  base-screw. 

In  order  to  test  the  working  of  the  projectiles  as  regards  flight  and 
I)enetration,  one  forged  shell  was  fired  with  a  charge  of  36  pounds  of 
E.  Y.  M.  powder,  this  being  the  reduced  charge  for  304J  feet  as  com- 
pared with  40  pounds  at  1,01H)  yards.  The  shell  was  filled  with  sea  sand, 
and  upon  being  fired  failed  to  take  the  grooves;  struck  the  iron  target 
sidewise  and  broke  up.  It  was  then  decided  to  fire  another  forged  shell 
filled  with  sand,  using  40  pounds  of  powder  (E.  V.  M.).  This  shell  htruck 
the  target,  point  on,  penetrated  9J  inches,  and  rebounded  about  12  feet. 
It  was  distorted  but  slightly  (being  bulged  out  circumfereutially  near 
junction  of  cylider  and  ogival  head),  and,  with  slight  turning,  could  be 
used  again.  On  taking  out  the  base  screw  the  containeil  sand  was  found 
to  be  triturated  by  the  shock  into  a  powder  as  impalpable  as  ordinary 
wheat  flour.    No  powder-gas  had  entered. 

The  third  forged  shell  was  then  loaded  with  five  pounds  of  gelatine — 
all  it  could  contain.  It  was  fitted  with  a  copper  diaphragm,  two  plates 
at  right  angles,  previously'  described.  A  small  amount  of  cotton  waste 
was  placed  in  front  and  rear  of  the  gelatine.  The  latter  was  packed  la 
tightly. 

The  gelatine  was  from  the  same  lot  hitherto  used  at  Sandy  Hook,  and 
had  been  on  hand  for  16  months.  So  far  as  could  be  observed  it  had 
undergone  no  change  whatever.  Two  of  the  cartridges  appeared  to  the 
touch  slightly  softer  than  the  others,  but  it  is  believed  they  were  as 
sound  as  the  rest. 

The  base  screw  had  its  thread  well  coveretl  with  red  lead  paint  before 
being  securely  screwed  in  with  a  lever,  and  there  seems  to  be  no  possi- 
bility of  any  gas  haviug  entered  the  shell. 
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The  8-inch  mutilated  gun,  previously  used  in  these  experiments,  hav- 
ing been  charged  with  40  pounds  E.  Y.  M.  powder  and  the  gelatine 
shell,  was  fired  and  burst  explosively  with  great  violence. 

Whether  or  not  this  gelatine  had  undergone  any  change  since  the 
previous  trials  with  it  is,  of  course,  unknown  to  the  Board ;  but  even 
if  such  should  prove  to  be  the  case,  the  want  of  uniformity  in  its  action, 
as  evinced  by  this  explosion,  warrants  the  Board  in  recommending  no 
further  trials  with  it  under  its  present  form.  Possibly  when  camphor- 
ated by  competent  manufacturers  this  explosive  may  be  made  uniform 
in  itfi  action. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

GEO.  W.  McKBp, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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TBIAL  OF  THf:  GARDNER  MACHINE  GUNS,  ONE,  TWO,  AND  FIVE  BAR- 

REL.     BY  THE  ORDNANCE  BOARD, 

(4  plates.) 

The  Chief  of  Ordnance,  in  an  indorsement  dated  December  8,  1884, 
on  Ordnance  Office  file  No.  6603  of  1884,  directed  the  Board  to  test 
any  of  the  guns  of  the  Gardner  Gun  Company,  of  Cleveland,  Ohio, 
which  might  be  presented  for  trial. 

The  guns,  three  in  number,  were  of  the  one,  two,  and  five  barrel  pat- 
terns. As  certain  changes,  hereinafter  referred  to,  will  have  to  be 
made  in  these  guns  before  they  can  be  considered  as  tested  under  serv- 
ice conditions,  the  Board  submits,  instead  of  the  usual  drawings  and 
descriptions,  an  illustrated  pamphlet  issued  by  the  Gardner  Gun  Com- 
pany. This  pamphlet  was  inclosure  No.  1  of  Ordnance  Olfice  file  No. 
6603  of  1884,  is  hereunto  appended,  and  marked  A. 

The  experiments  began  May  28,  1885,  by  the  firing  of  the  one-barrel 
gnn,  which  was  followed  on  the  same  day  by  that  of  the  two  and  five 
barrel  guns.  Owing  to  the  form  of  chamber  it  was  necessary  to  use 
Winchester  ammunition  with  the  405-grain  bullet.  The -service  ammu- 
nition carries  the  500-grain  bullet,  which  could  not  be  fired  from  the 
gun  as  at  first  presented,  and  it  was  concluded,  after  correspondence 
with  the  Chief  of  Ordnance,  to  request  the  Gardner  Gun  Company  to 
modify  the  two  and  five  barrel  guns  so  that  they  would  receive  the 
service  ammunition.  This  request  was  acceded  to;  the  guns  were 
removed  for  alteration.  It  was  not  considered  desirable  to  test  the 
one-barrel  gun,  as  in  the  opinion  of  the  Board  there  does  not  at  present 
exist  any  reason  for  its  adoption  in  our  service. 

The  gnns,  after  modification,  were  received  back,  and  a  second  series 
of  trials  commenced  on  July  24, 1885. 

The  following  programme  for  the  trial  was  adopted : 

(1)  Dismount  the  gun,  separating  it  into  its  elementary  parts,  and 
assemble  it.    This  to  be  done  by  an  expert,  and  time  noted. 

(2)  Fire  deliberately  500  rounds  into  a  sand  butt,  determining  veloci- 
tiea  and  action  of  the  gnn. 

(3)  Sapidity  by  an  expert,  600  rounds. 

(4)  Bapidity  by  a  non-expert,  500  rounds. 

Accuracy  of  gun  and  sights  at  various  distances : 

(5)  500  at  500  yards ;  size  of  target  11  by  26  feet. 

(6)  ^00  at  1,000  yards  5  size  of  target  11  by  26  feet, 
m  600  at  1  mile ;  size  of  target  11  by  52  feet. 

This  programme  was  not  entirely  carried  out.  The  dismounting  and 
assembling  of  the  gun  and  the  firing  at  J -mile  range  were  omitted. 

It  will  be  observed  from  the  firing  records  of  July  24  and  25  (which 
are  inclosed)  that  the  number  of  misfires  with  the  service  ammunition 
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was  very  great,  and  that  the  cartridges  which  failed  in  the  machine 
guns  all  exploded  subsequently  when  tried  in  the  Springfield  rifle* 
The  fault  is  not  therefore  attributable  to  the  ammunition,  and  must  be 
due  either  to  weakness  in  the  firing-spring  or  to  the  fact  that  the  firing- 
pin  is  too  short.  In  the  opinion  of  the  Board,  the  latter  is  most  prob- 
ably the  cause. 

The  long  feed-guide  peculiar  to  the  two-barrel  gun  required  that  the 
ordinary  package  containing  twenty  cartridges  should  be  broken  open, 
that  the  cartridges  should  be  removed,  and  that  they  should  be  re- 
packed into  a  feed-case.  The  violent  vibration  of  the  feed-guide,  due 
to  the  firing  of  the  gun,  makes  it  very  difficult  for  an  inexperienced 
man  to  feed  the  cartridges  from  the  case.  These  defects  do  not  exist 
in  the  Pratt  &  Whitney  gun,  and  it  is  thought  that  if  practicable  they 
should  be  remedied,  as  repacking  the  cartridges  should  be  made  as 
simple  as  possible,  and  a  shorter  guide  would  diminish  the  vibration. 
pf  The  guide  is  much  shorter  in  the  five-barrel  gun,  and  of  course  with  it 
the  repacking  of  the  cartridges  is  a  necessity.  These  guns,  further- 
more, are  mounted  on  tripods,  a  form  of  mounting  that  will  only  be 
used  in  permanent  works.  Other  machine  guns  intended  to  re  enforce 
infantry  fire  heretofore  tested  at  Sandy  Hook  have  been  furnished 
with  suitable  carriages,  and  they  should  be  tested  in  connection  with 
the  gun. 

Except  for  the  failures  to  explode  the  cartridges,  the  mechanism  of 
the  guns  worked  very  satisfactorily.  The  target  record  during  delib- 
erate firing  was  very  good.  The  vibration  of  the  stands  during  rapid 
firing  caused  the  guns  to  change  direction. 

In  conclusion,  the  Board  would  state  that  owing  to  defects  in  the 
locks,  which  can  be  remedied,  to  the  length  of  the  feed-guide,  which  can 
be  modified,  and  to  vibrations  in  the  mounting,  which  should  be  changed 
for  a  more  suitable  one,  it  is  not  considered  that  these  guns  have  as  yet 
been  given  a  fair  service  test ;  and,  further,  unless  these  changes  are 
made,  it  is  not  considered  for  the  interest  of  the  Government  to  con-' 
tinue  the  tests  any  further. 

The  illustrated  pamphlet  above  referred  to,  the  complete  firing 
records,  and  the  plotted  targets  are  inclosed  herewith. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W,  McKEE, 

Major  of  Ordnance. 

CHARLES  SHALER, 
Captain  of  Ordnance. 
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Record  of  firing  with  Gardner  2'harreled  machine  gun^  caliber 


A.  M.  —  Barometer, 
30,040 ;  thermome- 
ter, 73.8 ;  humidity, 
49. 


e 

o 


A.H.~Barometer,  30.023; 
thermometer,  80.6;  hu- 
midity, 66.  ^ 


P.  M.— Barometer,  30.048; 
thermometer,  80.8;  ha-^ 
midity,  68. 


A.M.— Barometer,29.921 ; 
thermometer,  80.8;  ha- 
midity,  85. 


P.  M.— Barometer,  29.848; 
thermometer,  86.8;  hu- 
midity, 82. 


£ 

o 


n  100 


1 
1 
1 
1 
1 
1 
1 
1 

500 
490 
492 

8 

500 

8 

500 


Time. 


1885. 


o 


May, 
May 

July, 

July, 

July 

July, 

July 

July 

July 

July 

July 

July, 

July 

July 
July 

July 
July 


28 
28 


24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

25 
25 

95 
2A 


Ammuuition. 


Winehester  ammuni- 
tion; 405-grain  bul- 
let 

500-Krain  service  car- 
tridge. 


Frankford  ammuni 
tion ;      500-grain  i 
bullet. 


fs 

38 

Si 

a 

M 

Feet 


Loet. 
Lo8t 
Lost 
Loet 
Lost 
Lost 
1231 
1242 


Wind,    strength  and 
direction. 


From  rear  and  left, 
480,  20  miles  an 
hour. 


From      front     and 
right,  8o,  26  miles  ^ 
an  hour. 


From     fhmt    asd 
»    right,  480,  6  milM> 
an  hour. 
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«".45,  at  Sandy  Hook,  N,  J,,  from  May  28  to  July  25,  1885. 


Spedftl  reomrlu  aboat  each  fire,  aacb  ae  eflfect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  &c. 


locks  were  removed  by  representative  of  the  company  in  29  seconds;  and  with  the  assistance  of  Mr. 

Sinclair  the  remaining  working  parts  were  removed.     The  parts  were  then  assembled  by  both  of 

tlram  in  9  minates  40  seconds. 
Tired  deliberately  into  butt :  3  cartridges  were  ejected  unexploded,  two  of  which  were  fired  at  the 

Mcond  attempt;    the  third    failing  again,  but   being  subsequently  fired   in  a  Springfield  rifle. 

There  was  a  marked  vibration  to  flnng  stand  during  firing. 
Too  long  to  be  fed  from  the  feed-case:  the  cartridge  was  inserted  by  hand,  fired,  and  ejected,  but 

a  second  one  Jammed  before  firing,  and  was  removed  with  difliculty. 

The  gnn  had  been  returned  to  Cleveland  to  be  adapted  to  the  service  500-Gn^ain  ammunition.    No  feed- 
for  this  ammunition  accompanied  the  gun  on  its  return. 


Fired  d^betraiely  into  sand  butt  by  repressntative  of  company ;  11  failed  to  explode ;  G  fired  on  sec- 
e«d  attempt, 
yired  for  rapidity  into  sand  butt  by  representative  of  company ;  50  failed  to  explode;  29  fired  on  seo- 

ood  attempt.    Time,  1  minqte  and  40)  seconds. 
Hied  lor  rapidity  into  sand  butt  bv  representative  of  company.    After  4  rounds  had  been  fired  a  Jam 

oecarred,  which  necessitated  the  removal  of  the  upper  casing  of  gun  and  a  cartridge  case.    Time, 

1  minute  55)  seconds ;  47  failed  to  explode;  29  firea  on  second  attempt. 

faceting  shots  at  500-yard  target 

(Fired  in  lots  of  50  each.)    Fired  at  500-yard  target;  400  hits  on  target;  37  failed  to  explode,  13  of 
which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 

aigktiBC  ahota  at  1,000-yard  target. 

(Flrsd  In  lots  of  50  each.)    Fired  at  1,000-yard  target;  296  hits  on  target;  40  failed  to  explode,  19  of 

which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  riHe. 
Oceaaional,  but  slight,  changes  in  aim  occurred  during  deliberate  firing,  but  in  rapid  firing  the  changes 

were  very  gnoat. 


The  feed-cases  not  being  adapted  to  the  500-grain  bullet,  the  vibration  of  the  gun  was  such  during 
rapid  firing  that  some  of  the  cartridges  were  dropped  in  feeding,  which  at  best  was  a  difficult  opera- 
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Record  of  firing  uiiih  Gardner  b-harreled  machine  gun,  oa lifter  0".45,  «f 


« 


A.    M.  —  Barometer, 
30. 040 ;    tbermome- 
ter,  73.6;  hamidity,  \  o 
49.  l^J 


s 

o 

I 


A.M.— Barometer,  80.023; 
thermometer,  80.8:  bn*^ 
midity,  66. 


f  I 


P.H 


A.M.— Barometer.  29.9*21; 
thermometer,  80.8;  ha  ^ 
midity,  85. 


100 

1 

1 

1 

1 

1 

1 

1 

250 

250 

38 

249 

250 

250 

250 


6 

500 

6 

500 


Time. 


1885. 


liay 

July 

July. 

July. 

July 

July 

July 

July. 

July. 

July 

July 

July 

July 

July 

July 

July 
July 
July 
July 


28 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

25 
25 
25 
25 


Ammunition. 


!  Winchester  ammn-) 
nition,  405-Krain  > 
buUet.  5 


Frankford     ammu 
y    nition,   SOO-^rain^ 
bullet. 


N 


3i 

n 


Fe€L 


Lo8t 
Lost. 
1267 
Loat 
Lost 
1279 
1289 


Wind,    strength  and 
direction. 


(  From  rear  and  left 
48°,  20  milaa  an 
hour. 


i 


} 


From  front 
right  30,  26 
an  hour. 


From     front 

}    right  480.  • 

an  hour. 


and 
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Sandg  Hook,  N.  J.,  from  May  28  to  July  25,  1885.— Continaed. 


Special  remarks  about  eaoh  fire,  snob  as  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments.  Sec, 


Fired  deliberatdr  down  beach  without  failures. 

There  was  a  marked  Tibration  to  firing-stand  during  firing. 

This  gun  had  been  returned  to  Cleveland  to  be  adapted  to  the  service  500-grain  ammunition.    Only 

four  feed-cases,  containing  60  cartridges  each,  for  this  ammunition  accompanied  the  gun  on  its 

return. 


Fixed  deliberately  into  sand  butt ;  6  fidled  to  explode,  3  of  which  were  fired  on  second  attempt. 
Ylred  deliberately  into  sand  butt ;  18  fsiled  to  explode,  6  of  which  were  fired  on  second  attempt. 
IWd  fi>r  rapidity  into  sand  butt;  3  fsiled;  stoppage  occurred. 


Total, 20;  8f!siled 
on  second  at- 
tempt. 


llred  for  rapidity  into  sand  butt  by  representative  of  company.    Time,  81  sec- 
ured ior  rapidity  into  sand  butt  by  representative  of  company.    Time,  29  sec- 
onds :  7  faued. 
Tired  for  rapidity  into  sand  butt  by  Mr.  Sinclair.    Time,  26|  seconds ;  4  fisiled.  ^  ^^^i  ^^ .  ^  failed  on 

Drtd  far  r^kidity  into  sand  butt  by  Hr.  Sinclair.    Time,  20|  seconds;  11  failed. )     ^^^^^  attempt. 

Of  aU  the  misfires  fh>m  the  2  and  6-barreled  guns  on  July  24, 1885,  only  one  failed  when  fired  from  a 
Springfield  rifle. 

Mghting  shots  at  500-yard  target 

(Fired  in  lots  of  50  each.)    Fired  at  600-yard  target ;  800  hits  on  target ;  80  failed  to  explode,  10  of  which 

were  fired  on  second  attempt,  and  the  remainder  firom  a  Springfleld  rifle. 
Sighting  shoto  at  1,000-yard  target. 

(Fired  in  lots  of  50  each.)    Fired  at  1,000-yard  target:  248  hits  on  target;  83  failed  to  explode,  17  of 
wkkh  were  fired  on  second  attempt,  and  the  remainaer  from  Springfield  rifle. 

Oeesaional  but  slight  changes  in  aim  occurred  during  deliberate  firing,  but  in  rapid  fixing  the  changes 
very  great. 
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PRELIMINARY    TRIAL    OF   THE   12- INCH    MUZZLE  -  LOADING    RIFLED 

MORTAR.    BY  THE  ORDNANCE  BOARD. 

(1  plate.) 

On  December  3, 1884,  the  following  communication,  addressed  by  the 
GLief  of  Ordnance  to  the  commanding  officer,  New  York  arsenal,  was 
referred  to  the  Ordnance  Board : 

Cftpt«in  Lyle  reports  having  applied  for  transportation  of  the  12-inch  mnzzle-load- 
ing  nfled  mortar  to  Sandy  Hook.  When  the  mortor  is  received,  it  is  requested  that 
it  may  be  moanted  on  its  carriage  and  put  in  readiness  for  trial.  Before  being  tamed 
OTer  to  the  Board  for  Testing  Guns,  you  will  please  have  it  fired  to  the  extent  of  the 
nmnber  of  projectiles  that  have  been  furnished  you.  The  object  of  these  preliminary 
firings  ifl  to  determine  upon  a  suitable  powder  for  the  piece,  to  ascertain  if  the  dimen- 
•ioiia  of  the  sabot  are  suitable,  and  if  the  thickness  of  the  wall  of  the  shell  is  suffl- 
ment,  and  incideDtally  to  test  the  general  working  of  the  carriage.  The  maximum 
elutfge  wiU  be  provisionally  52  pounds,  and  the  shell  will  be  ballasted  by  filling  with 
Mnd  or  other  material,  to  bring  up  the  weight  to  610  pounds. 

Under  tbeee  conditions  it  is  desired  to  obtain  a  muzzle  velocity  of  975  feet,  without 
•zeeeding  a  pressure  of  12  tons  per  square  inch  in  the  bore.  To  test  the  sabot  fully, 
eharses  givlDg  velocities  of  about  525  feet,  or  at  least  675  feet,  should  be  tried,  using  a 
onieker  burning  powder  if  necessary.  It  may  be  possible,  and  it  is  certainly  very 
deairabley  that  the  different  velocities  be  all  obtained  with  the  same  kind  of  powder, 
by  nsing  for  the  lower  velocities  a  relatively  larger  charge  than  with  the  quicker 
powder.  The  limited  number  of  rounds — 15 — now  to  be  fired  may,  however,  preclude 
ihb  determination  of  this  question  at  present. 

The  mortar  which  it  is  assamed  has  been  described  by  the  inspect- 
ing officer  at  Soath  Boston  Foundry  was  not  received  until  March  12. 
1885. 

The  projectiles  were  all  supplied  with  the  Eureka  sabot  (see  Plate  I). 
By  changing  the  radius  of  the  curved  part  of  the  posterior  face  of  the 
sabot  its  sensitiveness  may  be  varied. 

The  powder  for  the  trials  was  the  subject  of  experiment,  as  it  was 
desirable  to  obtain  such  a  mixture  as  would  give  the  projectile  a  regu- 
lar motion  when  fired  with  charges  of  about  25  pounds,  and  would 
when  used  in  50-pound  charges  not  exceed  the  prescribed  maximum 
pressures. 

If  no  single  powder  could  be  obtained  suitable  for  firing  full  and 
diminished  charges,  then  two  different  kinds  would  have  to  be 
adopted. 

The  experiments  were  commenced  on  March  19, 1885,  and  are  de- 
tailed in  the  accompanying  firing  record.  The  rounds  from  1  to  14* 
were  fired  with  various  powders  on  hand  at  the  proving  ground,  with 
a  view  to  ascertaining  what  quality  of  powder  would  be  desirable  for 
tlie  endurance  test  of  the  piece.  As  a  result,  it  was  determined  that 
two  kinds  of  hexagonal  powder,  M.W.  (density  1.725,  granulation  72) 
and  ILY.  (density  1.700,  granulation  72),  should  be  asked  for.    The 
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latter  was  to  be  used  for  reduced  charges  only.  The  M.W.  powder,  the 
denser  of  the  two,  it  was  supposed  might  answer  for  reduced  charges 
and  maximum  charges  of  48  pounds.  All  the  shots  fired  with  48-poand 
charges  of  M.W.  powder  gave  good  results.  The  mean  pressure  of 
three  rounds  was  30,660  pounds;  the  velocity  at  90  feet  from  the 
muzzle  was  970  feet. 

All  the  shots  fired  with  25-pound  charges  of  M.W.  powder  gave 
good  results ;  but  when  a  charge  of  26  pounds  [round  33]  was  fired  the 
projectile  tumbled.  The  indications,  however,  were  that  with  a  suita- 
ble sabot  this  powder  might  be  used  for  full  and  reduced  charges.  All 
the  shots  fired  with  25  pounds  of  M.V.  powder  gave  good  results. 

The  mean  pressure  of  six  rounds  was  10,721  x>ounds ;  the  velocity 
was  646  feet  at  about  90  feet  from  the  muzzle.  This  indicated  that,  if 
a  special  powder  was  required  for  reduced  charges,  the  M.V.  type 
would  be  suitable. 

By  directions  of  the  Chief  of  Ordnance,  the  mortar'  was,  on  July  9, 
1885,  turned  over  to  the  Testing  Board  convened  in  accordance  with 
the  act  of  Congress  approved  July  5, 1884. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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Record  of  firing  wiik  12-ttic^  muzzUAoading  rifled  mortar 


P.  M.— Barometer, 
29.726;  thenuom- 
eter,  26;  humid- 
ity. 78. 


A.  M.— Barometer, 
29.691 ;  humidity. 
66;  thermometer, 
14.8. 


o 

9 

a 

9 


P.  H.~Barometer, 
29.7T3i  thermom- 
eter, 19.9 ;  humid-  i 
ty.WL 


f    2 


Time. 


1885. 


Mar.  10  -t 


Mar.  20 


Mar.  20 


Mar.  20 


Mar.  ao 


Mar.  20 


Mar.  ao 


Powder. 


Kind. 


•  a 
K  q;  a 

f?wS  a" 
d  e8  1-^  '-5 


•       •    •*. 

o  «  a  " 
fri  M  -,  3 


>LA 


>ca 


X(» 


Projectile. 

• 

a 
M 

Kind. 

.£3 

"S 

P  a  ^^ 

« 

£ 


1^ 

►  a 

c  E 
o  5 

Ed. 

too 


Lbt 


>    25     Eureka  shell. 


>    25     Eureka  shell. 


25 


25 


25 


85 


40 


Eureka  shell. 


Eureka  shell. 


Eureka  ahell. 


SorekAahell. 


Enr«kaahell. 


Feet. 


Lees  than 
572  —20*  ,      18, 000     690. 5 


610 


—15* 


.Less  than 
18,000     568 


610 


610 


610 


610 


610 


— lO' 


-10* 


—10* 


—10* 


-10* 


Rodman 
gauge. 
5,000 


11,250 


7,000 


21,000 


24,000 


509 


647 


S58 


812 


874 


Feet 


5.87 


&46 


&00 


S.8I 


S.85 


flL2l 


flLtt 


-J 
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mt  Samdy  Hook,  N.  J.,  from  March  19  to  June  26,  1885. 


S 


•«  s 


0 

o 
js 

2 
J 

1 
I 

s 


a 
I 


a 


I 


iil 


Star  gauged: 
Fired  into  sand  batt.    Fifteen  gallons  oil 
in  cylinder. 


Fired  into  sand  butt.    Sixteen  gallons  oil 
in  cylinder. 


Fired  into  sand  butt. 


Fired  into  sand  butt. 


Fired  into  sand  butt 


Fired  into  sand  butt 


Sabot  recovered  with  marks  of 
rifling  well  defined.  Shell  left 
the  sand  butt  without  brtak- 
ing. 


Sabot  stripped  and  did  not  take 
grooves  well. 


Fired  into  sand  butt    Hortar  star  gauged 
(two  waniing  oharget  fired). 


Shell  recovered.    Sabot  did  not 
take  grooves  welL 


Sabot  recovered.    Showing  well- 
defined  marks  of  the  rimng. 


Sabot  recovered.    Showinff  well 
defined  marks  of  the  rimng. 


Record 

o/JIWuff  irifk  t2.t>aA  «B«/^7«.d 

Hg  rijled  mmlttr  at  i 

,.W> 

Powder. 

p«j«tita. 

L 

i 
1 

I 

TlBB.    1 
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t 

j 

^•1 

1 

1688.    1                    at 

U 

JM.  A.1.1 
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:"=      " 

Kunlia  thdl. 

SIO 

tiooo 

«,«* 

1  r 

1 

1 

ctor.lB.S;hDmid- 

■ 

Mar.  a 

iSj 

so    Barak.  .Itdl. 

flW 

SI, 758 

mi 

«« 

itj.09. 

10 

istx.ai 

III  - 

BIO     Id* 

1 

U^DOB 



ft.n 

-i--=f, 

" 

UU.tl 

5a<  ■- 

EoreluahoU 

«to 

Sf 

10.  T» 

■.M 

IS 

Ulr.Sl 

IM:- 

EnnluibtfL 

BIO 

»> 

K.TSO 

KM 

S;rsl.SSt ' 

" 

Apr.    1 

" 

BnnbakoU. 

no 

»» 

M^Ut 

E 

«.■ 

u., «. 

11 

Apr.    1 

'n 

■unkaslwll. 

■u 

ISO 

8,000 

•JB 
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Firedinloi 


.    Plr«d  iDto  uad  bati 


,    Tima  of  flight  IS|  wutDdi. 


.    Tqml    Time  of  flight  28(  h 


SJI 

^g         Good  Bight. 
IS    I     Ti.o,bl«i... 

ii\ 


Find  U>  (M.   time  < 


of  Bight,  28  ■c 
offllght,lB(« 


>«isit]-ori«diiiEr 

rSSponnd. 

>^D.Sr"oni*iti  K  f 

of  powder.  0,8:!3. 

at  pgirder,  0.85a. 

4625  OBD 9 
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Btoori  of  firing  with  12-iiusk  maizli^loadiKg  r^fitd  utortar  mt  8am4ji 
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PowUor. 

If- 

-3 

Tint. 

^ 

f 

-,3 
-1 

1 

1 
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i 

KlDd. 

1 
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1 

tegs. 
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Art. 
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16 

Apr,  30 

m 

M 

Burek»h«U 

Oil 
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s.m 
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Apr.  30 

=B 
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1 

10.7S0 
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Hi 

,H 
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(oowl.           1        1 

S7,SO0 
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Ss 
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j 

4 
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Apr.  30 

35 
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B,lt7S 



LM 

Hj.«. 

ID 

Apr.  M 

1" 

l" 
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10,  H» 

1.80 
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5 

i 
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10,  (BO 

1.U 

s, 
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!2S 
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It 
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" 
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T.MO 
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Becori  of  firing  mith  IS-Jact  miutle-hMMng  rifitd  aorlor  m 


rowder. 
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Hook,  y,  J.,  from  March  19  to  June  26,  1885— Continued. 


T5 

a 


1 


Ira 

S 
«t 

t 

1 


I 


a 

i 

a 
I 


Oood  flight 
Tumbled  .. 
Good  flight 
Good  flight 
Tumbled  .. 
Tnmbled  .. 

Good  flight 
Tnmbled  .. 
Tumbled  .. 


9 
O 


Fired  over  water.  Time  of  flight,  17^  seconds. . 

Fired  over  water.  Time  of  flight,  10)  seconds  . 

Fired  over  water.  Time  of  flight,  17^  seconds  . 

Fired  over  water.  Time  of  flight,  272  seconds. 

Fired  oyer  water.  Time  of  flight,  17|  seconds. 

Fired  over  water.  Time  of  flight,  15  seconds. 

Fired  over  water.  Time  of  flight,  27|  seconds. 

Fired  over  water.  Time  of  flight,  16  seconds. 

Fired  over  water.  Time  of  flight,  14  seconds. 


f  y 


r 


a 
i 

a 

s 


3 
O 


S 


§> 


<  Z' 
I 
I 


Good  flight 


Good  flight. 


I 


Good  flight 


Good  flight 


Fired  into  sand  batt  to  try  powder. 


Fired  into  sand  butt  to  try  powder. 


Fired  into  sand  butt  to  try  powder. 


Fired  over  water  for  range.    Time  of  flight,  19^  seconds. 


Fired  over  water  for  range.    Time  of  flight,  19^  seconds. 


Fired  over  water  for  range.    Time  of  flight,  27|  seconds. 


Fired  over  water  for  range.    Time  of  flight,  28  seconds. . 


Range  iyardt), 
2,647 

2,460 

2,829 


3.826 


8,890 


7,228 


7,048 
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Table  showing  enlargementd  of  bore  of  12-tficA  muzzMoading  rifted  mortar. 


Enlargement  of  bore  after- 


laches  fh>m 
issle. 


Original 
diameter] 
of    ore. 


17. 


83. 

ffl. 
81. 

7». 
T8. 

77. 
W. 


Inehe*. 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.  006 
12.006 
12.006 

75 j     12.006 

74 12.006 

78 12.006 


72. 

71. 

Ti. 

«. 

48. 

€7. 

«8 

C5. 

U. 

€3. 

82. 

81. 

«. 

88. 


12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 
12.006 


a 


Inehet. 

0.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.060 

.000 

.000 

.000 

.000 

.000 

—.001 

.000 

.000 

.000 

.000 

.000 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 

—.001 


•T3 

a 

i 


InehtM. 
0.000 
.000 
.000 
.000 
.000 

.000 

.000 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
-.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 

—.001 

— .(K)l 
—.001 
—.002 


a 

t 


Inches  from 
mazsle. 


Inches. 
0.000 
.000 
—.001 
—.001 
—  001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
•-.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.002 
— .  002 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 
—.001 


!56. 
i54. 
,52. 
150. 

48. 

46. 
'44. 

42. 
!40. 
'38. 

36. 

34. 

32 
!30. 
'28 

26 

24. 

22 

20. 
ild. 

■\l. 
;i2. 

10. 
8 
6. 
4. 

2. 
1. 


Original 

diameter 

of  bore. 


Indus. 
12.006 
12.006 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.008 
12.008 
12.008 
12.008 
12.008 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.007 
12.000 
12.011 
12. 012 


Enlargement  of  IxMre 
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a 
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t* 
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— vOOl 
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—.002 

—.002 
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— .oos 

.001 
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—.001 

.001 

.000 

.000 

.001 

.000 

.000 

.001 

.000 

.001 

.001 

.001 

.001 

.001 

.001 

.001 

.002 

.Oil 

.001 

.002 

.001 

.001 

.003 

.001 

.001 

.003 

.002 

.001 

.003 

.002 

.001 

.001 
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—.001 
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—.002 

—.001 

.002 
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PBOGRESS  REPORT  ON  THE  TRIAL  OF  THE  12- INCH  BREECH-LOADING 
RIFLE  {CAST  IRON),     BY  THE  ORDNANCE  BOARD. 

The  gnn,  it  is  assumed,  is  described  in  the  construction  report  of  the 
iDspecting  officer  stationed  at  the  South  Boston  foundry. 

Before  being  turned  over  to  the  Board  it  was  fired  live  proof  rounds 
under  instructions  given  to  the  commanding  officer  of  New  York  arsenal. 
In  a  letter  dated  Ordnance  Office,  April  8, 1885,  the  Board  was  directed, 
after  the  proof  rounds  had  been  fired  from  the  gun,  to  continue  the  firing 
by  testing  German  cocoa  powder,  graduall^^  increasing  the  charges  un- 
til 265  pounds  had  been  fired  with  a  shot  weighing  800  pounds.  Exper- 
imental powders,  furnished  by  Du  Pont  &  Co.,  were  also  fired  under 
directions  given  by  the  Chief  of  Ordnance  from  time  to  time. 

The  carriage  on  which  the  piece  is  at  present  mounted  is  of  the  Krupp 
pattern,  but  as  it  is  not  to  be  used  for  further  firing  of  this  piece  it  does 
not  require  description  here. 

The  projectiles  were  cored  shot,  weighing  700,  750,  and  800  pounds, 
one-half  of  each  being  provided  with  single  and  one-half  with  double 
copper  bands.  The  bands,  it  is  understood,  are  forced  into  under-cut 
grooves  by  hammering,  and  then  turned  off  to  the  proper  diameter. 
Two  kinds  of  metal  were  used  for  the  single-band  projectiles,  viz,  cop- 
per and  an  alloy  of  copper  and  zinc.  The  rounds  from  19  to  23,  both 
inclusive,  were  fired  with  the  alloy  bands.  The  first  two  projectiles 
(rounds  19  and  20)  were  fired  into  the  sand  butt  and  recovered. 

The  bands  were  sharply  marked,  but  the  metal  of  the  bands  did  not 
seem  to  flow  as  smoothly  and  regularly  as  in  the  simple  copper  bands. 
This,  however,  appeared  to  exercise  no  perceptible  influence  on  the 
natures  of  the  flights,  as  the  sound  of  the  projectiles  fired  in  rounds  21, 
22,  and  23  (which  were  furnished  with  similar  bands  denominated  C) 
indicated  that  the  flight  was  regular.  As  it  is  stated  that  band  C  is 
cheax>er  than  the  others,  it  would  seem,  as  far  as  the  liriiited  experience 
80  far  gained  can  be  depended  upon,  that  a  number  of  shot  similarly 
banded  should  be  furnished  for  the  further  test  of  this  gun. 

The  powders  used  by  the  board  were  of  two  kinds,  viz,  German  cocoa 
powder,  density  1.863,  and  Du  Pontes  brown  prismatic  powder.  The 
prisms  of  the  German  and  of  Du  Pout's  powder  are  hexagonal,  about 
0.97  inch  long  and  1.53  inches  wide,  as  measured  from  corner  to  corner  on 
the  upper  faces.  They  contain  a  single  axial  perforation,  about  0.37  inch 
in  diameter.  The  Du  Pout's  powder  first  received  (type  N.  C.)  had  a  den- 
sity of  1.874,  the  last  received  (type  N.  M.)  a  density  of  1.833.  Charges 
of  Grerman  powder,  132.5  pounds  in  weight,  were  built  up  carefully  in 
tightly-fitting  silk  bags,  choked  and  tied  at  the  top.  A  portion  of  the 
bottom  layer  in  each  bag  was  composed  of  black  prismatic  grains,  each 
having  seven  perforations. 
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A  piece  of  fabric  with  sieve-like  structure  was  inserted  in  the  central 
portion  of  the  bottom  of  the  bag  to  insure  easy  ignition. 

The  charges  of  Du  Font's  powder  had  a  number  of  black  prismatic 
grains  in  the  lower  layer,  and  the  bag,  made  of  serge,  had  two  cuts  cross- 
wise in  the  bottom  after  it  was  tilled,  to  facilitate  ignition. 

The  trial  of  the  gun  by  the  Ordnance  Board  commenced  with  roand 
numl>er  6,  tired  June  25,  1885.  A  charge  of  225  pounds  of  cocoa  pow- 
der was  fired  with  a  double-band  shot  weighing  700  pounds,  the  high- 
est indicated  pressure  being  25,550  pounds. 

The  charge  was  then  increased  to  24.5  pounds,  and  to  enlarge  the  air> 
space  a  single-band  shot  was  used.  When  the  charge  with  a  single* 
baud  shot  weighing  700  pounds  wa«  further  increased  to  265  pounds 
the  maximum  pressure  indicated  was  30,250  pounds.  Retaining  thia 
charge  of  265  pounds  the  weight  of  the  shot  was  increased  to  750 
pounds,  then  to  800  pounds,  the  pressure  in  the  latter  case  being  31,400 
pounds  per  square  inch,  and  the  instrumental  velocity  at  174'  1"  from 
the  muzzle  was  1,703  feet,  corresponding  to  a  muzzle  velocity  of  about 
1,710  feet  a  second.  The  best  results  obtained  with  265-pound  charges 
of  Du  Pout's  N.  M.  powder  and  an  800-pound  projectile  were  in  the 
twentieth  round,  when  the  muzzle  velocity  was  1,705.'6  with  a  pressure 
of  26,375  pounds.  The  maximum  pressure  per  square  inch  with  N.  M. 
powder  was  27,700,  the  minimum  was  25,150  pounds,  and  the  mean  of  six 
rounds  was  26,258  pounds.  The  maximum  muzzle  velocity  i)er  second 
was  1,705.6  feet.  The  minimum  was  1,683,  and  the  mean  of  six  rounds 
was  1,691.1  feet 

In  the  last  five  rounds  a  number  of  partially  burned  grains  were 
found  on  the  ground  after  firing. 

The  firings  above  referred  to,  as  well  as  subsequent  firings,  made  to 
test  the  quality  of  powders  manufactured  by  Du  Pont  &  Co.,  are  given 
in  the  accompanying  firing  records.  As  up  to  this  time  neither  the 
number  nor  quality  of  the  bands  to  be  used  on  the  sliot,  nor  the  nature 
of  the  powder  for  subsequent  test  of  the  gun  have  been  determined,  a 
progress  report  only  can  be  made. 

Alter  firing  a  certain  lot  of  Du  Pout's  powder,  which  gave  low  veloc- 
ities and  a  maximum  pressure  of  23,850  pounds,  many  partially  burned 
grains  were  found;  a  number  of  these  grains  retainefl  a  form  quite  sim- 
ilar to  their  original  one.  The  central  cavity  was  enlarged,  the  lengtii 
of  the  grain  diminished,  the  faces  were  slightly  concave,  the  angles  were 
less  concave  than  the  faces,  but  the  particles  of  the  grain  remained  con- 
nected together  as  at  first.  In  other  words,  these  grains  which  had 
been  fired  were  not  broken  up  into  irregular  fragments  as  it  has  some- 
times been  asserted  would  be  the  case.  It  is  possible,  although  hardly 
probable,  that  some  of  them  commenced  to  burn  only  after  they  were 
ejecteil  fh)m  the  gun,  but  the  deep,  irregular  ^^  pits^'  in  the  surfaces 
seemed  to  indicate  that  they  had  burned  under  considerable  pressure* 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board. 

GEO.  W.  McKEB, 

Major  of  Ordnance. 
CHARLES  SBALEB, 

Captain  of  Ordnance* 
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Btcord  of  firing  with  Vi-incK  experimental  etuP-iron  breeck-UHidim§ 
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Protjeotile. 


Time. 


Kind. 


A.  M. — Barometer, 
30.2l'2:  thermom- 
eter, 66.3;  hamid- 
ity,  57.1. 

P.    M. — Baronu'ter, 
30.194:    thermom- 
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ity,  50. 
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eter.  78.3;  humid- '^ 
ity.  72. 


14 


15 


July    3 


July    3 


July    3 


July    8 


Julv    8 


a 

O 
V 

o 
a 

i 

O 


e8 

s 

JO 

P, 

a 


a 

& 

0 
P 


!^ 


16 


July 


8 


m 
o 
o 

® »; 
o  5 

go 

i 

o 


^ 


150  i 


a 

Jit 

o 


Lbi. 
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3| 
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St; 


• 


150 
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44        19,350 
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225 


00 


«2 


245; 

I 

265  , 


p 

11  ^ 

265  I       » 


700 
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1  10 
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1  10 


1  10 


6  00 


6  00 
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S.58 

S.79 
4.00 


IW  64" 
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25.650  A 
20,850B 
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21. 550  B 
80,250  A 
29, 725  B 


31, 976  A 
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20,425  A 
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23,860B 


32,400A 
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rijh  »t  Sandg  Hook,  N.  J.,  from  JmM  19  to  3«ptemitr  39,  1885. 


[md  Df  projMtUs  In  ai(ht, 


J- 

if 


(  R»»r  of  chiinbm  re 
DoDsltT  of  liHillDK  OMii     leoiiChof  121lDCbc 

I     closed  irltl.  wood. 

1  Kwr  of  chamber  fo 
Den»it>-of  loadir-  """'     '—-•'■  -•  "  '-"'•- 


Denaltj  oi  loadiog  0, 


1  Rur  of  cbanibnr  foi 
}     IriiEtb  of  2S  iDofaei 


DenalEj  of  loidlD)!  D-TSG^     leD|lii  of  2S  In 


(  Kesr  of  clinnb«r  for 
Z      I  DwuItT  of  loading  O.MS  j     '""j^  "'  J"  '?^" 

r«<>  pr«uun  pluga  pluod  in  miuhrooin.hud,  muked  A  and  B 
BbKkcloHdHMUy;  openad  with  litlle  dlfHonlt;; 


III) 


:u 


BLook  opflited  AluUy.  bat  c1o«ed  wit 
difflcalty;  no  esupa  of  gu. 


fcf.irBflrioECl«nipoorearof"lrtnr«tor 
biwUM  sH-check.  lined    is  well  u 

LQ  tE.  and  ■ImlAu'lj  closed  aTlvrlndlDiE, 

but  wlUi  mure  dilUciilt;. 


G««dlli<bl.    Find  a*et  «at«r  far 


GsodlH^V    Flndoi 


it  tor  ittagt.    Time  of  flight,  11}  HCOnda  ■ . 
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l.«7» 

■ail 

Z7,3WB 

ft*r.72.*i  hnmld- 

23 

86pl.l» 
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U  SmmAf  BoiA,  2f.  J.,  frotn  Jumt  19  to  Seplemhtr  2H,  18H5— CoDtiaued. 


f  I      '      Flight 


•g   I  Speoi*!  ranu-ka  ibont  eacb 


wks  »bont  e»ch  in,  saoh  h  eHeot  on  piece,  wand  of  pro. 
jMtUe  In  flight,  sotlariuK  of  tnguientB,  Ilh. 


J^^S  [    Good  flight. 


Ftted  orer  w>Mr  tor  range  . . 


J  fc"*  li  Good  flight. 

mi 


II{  ;  Fired  over  water  for  Tangs S,!W 

ilooklnKleverlengthenedi  incheai  tnui- 


£-2  3     ;- 


Li 

'Sa    I    Good  flight 
S3  J    OfBd  flight. 

^j  I 

£a    I    Good  flight. 
I        I    Good  flight. 


ling  lever,  8  Inchiu. 


black  pawder  at  luge  of  each. 


til 


Jtli 


{gar£,}.         (BOfcJ.). 
3.M1  I    lis  right. 


3,890 

S.751 
1,703 


Kwder  pifkad  up.    Block  u 
iked  partially  at  dluharge. 


The  snide  at  lent-ihleld  bouad, 
making  it  verv  dlQluulc  to  open 
block  Hfler  flrlnc. 
Tenl-ahield     niaoved     hofore 
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r«Me«/«Ml«rf«M«itf«  ttfl2-tneh  eiptrimtiital  ea»l-iroti  ttveoA- loading  rijle — CoDtiniicd. 
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Tahltnf  enlargmienl*  of  ehanber  of  li-incli  «xpeniiuittal  eait-iron  bree<A-loaiing  rffle. 
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10  raunds.  2fi  roaoda. 
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FIVAL    FIRING    AND   RUPTURE  OF  THE   6-INCH   MULTICHAROE  GUN. 

BY  THE  ORDNANCE  BOARD. 

(2  plates.) 

Ordnance  Boabd,  U.  S.  A.,  New  York  Arsenal, 

Oovemor*s  Island^  N.  Y.  Harbor^  December  29,  1884. 

The  Chief  op  Ordnance,  U.  S.  A., 

Washing  ton,  J).  C: 

Sir  :  I  have  the  honor  to  forward  this  day  the  firiug  and  star  gauge 
reeords  of  the  20  rounds  fired  from  the  6  inch  multicharge  gun,  since, 
in  accordance  with  your  instructions  of  October  22,  18^,  it  was 
strengthened.  At  tbe  20th  round  of  this  last  series  the  casing  of  the 
gun  was  fractured,  as  shown  in  tbe  accompanying  plate.  The  crack 
made  in  the  tube  before  this  firing  commenced  did  not  extend  mate- 
rially, and  the  tube  did  not  split  in  the  vicinity  of  the  ruptured  jacket. 
A  t:ible  showing  the  calculated  data  for  tbeditferent  rounds  is  likewise 
inclosed.  The  information  embodied  in  this  last  inclosure  has  been 
furnished  Mr.  Haskell  at  his  request. 
For  the  Board. 

Very  respectfully,  your  obedient  servant, 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board. 
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Record  of  firing  with  6-tiioA  multichargf  gun  at  Sandf 
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— 

Powder. 

-— 

Projectile. 
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Preesare,      & 
ponnds  per    S 
square  inch 
of  bore.        ^ 
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'  '  '     |s 
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o 

• 

Time. 

1884. 

Breech. 
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Second  pocket. 

1 

1 

Fourth  pocket. 

1 

i               1 

1  Kind. 

!                 •          t 
1                     ♦i 

Lbi, 
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a 
o 

1 

« 
o  / 

Itilpl      1 

A.  M.— >Barome- 
ter.  30.281; 
thermometer, 
37.8 ;  humid- 
ity, «2. 


>  134  Dec.  10 


r    KN     KA     KR   KBA   KQ 

17         22        22    I    22    I    22 

> ^ 
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4oal.,155  2  30 


kiS|§-S  ^1.5354. a! 

V^  CI  i-i  M         7  I 


P.  M.— Barome- 
ter,    30.273; 
thermometer,  ^  | 
41.8;    humid- 
ity, 91. 


135  Dec.  10  <  L 


KN     K  A     KR   KBA    KQ    ) 


18        23 
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23         23 
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36  Dec  10  < 


KM  KAA   KR  KBAKCA 
18         24         24         24     I    24 


.M. — Barome-1  I 
ter,      80.056;         [• 
thermometer,  >  i37:Dec.  11  < 


43.0 ;    humid- 
ity. 68.  J  I 


) 
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KM  :  KR  'KBA    KS  ,  KT 
18    I    24    !    24    ;    24         24 


,  ^3e«l.'109 


2  8o<*r.,r;*  ^.>i.77e's.58 


p.  M. — Barome- 
ter,     30.030; 
thermometer,  < 
48.1 ;    humid- 
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38  Dec.  11 
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TC^'T. 


jkbout  «>ch  nn,  auob  M  bCTort  on  pi«ce^  sound  of  proje<> 
Ifl  Ed  Qijcht.  BCAlt«rtnj£  of  fisjEiDfliila,  &r- 
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i  H       ' 

'SS     Is  St  si 

I— J   , . ,    I 

i"  i  ii«V(.,«: 

li"-J  ■  r  : 


BefOn  taaoA  M,  (line  alefl  hooiM  wcra  (hrnnk  on  forward  pnrtioii 
of  ^n  dorl  A  JUd  brnnd  KtlBcfafld  to rur  toovercome  themnulo 

prepDDdvtBDDfi- 

Thc  brfwh-Dirt ridge  wma  Inrlaiipd  In  r  onuper  cue  whicb  fitted  in 
mr  iotn  II><-  bwd  of  tbe  obluralor.    In  tbe  bww  of  Ibefluw,  bolt* 

plug.    TbuciM,  tlKiUilS  UdtriBluhRpru.  WH  euily  wltbdriiwii. 
■ftrr  tlriDR.    No  esrupBofKU  kt  idv  pnollft.  but  ilicbt  mmm 

block  opi-ned  *ad  ijniwd  euUy  Ht  tbl*  ind  folliiwinji  roimda,  and 

A  abort  copper  «>M.  11  Ini^hen  bine,  rpp1mcii-d  tbe  Urser  cBa«  UMd  In 
prRcedini;  rooDd,  unii  wm  uwd  tbruU|;)i  ILc  remaluderor  tbe  BriDK- 


f 0  jCTMtrr  elsTBtlon  bslnti  poaalbk  for  tba  guD  u  maiintcd,  tb» 
lowvisd  tulolkiddlng  so  M  tobuve  u  upward  Inclination  ari°  t» 


re-plug  of  foarib  pocket. 


wbeels  replooedt 
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Record  of  firing  with  B-inok  multickarge  gun  tU  Smmdif 


>    t 


Powder. 


Projectile. 


Pn>ftAure,  j  ^ 
poundri,  per •  ^ 
M'tare  inch  i  o 
of  bore,  at — i 


I       1 


I 


I    Dftte. 


I 


c 


C 

o 
p. 


>*  . 

I  ss 


Kind. 


I  i 


a 


KUA  KR  kbakca;kda, 

1»  .      27  :      26  .      24  I      23  I  Ige^j.  „,  , 


■  I     - 

I 

1884. 
P.  M— Baroroe-  ] 
t  e  r ,    80.201 ;  |  . 
th«)rmometer,  ;  |i4(Dec  16 
48.8;    humid- 
ity, M.  J.    . 

thermometer!  >i45,I>ec  17  <  !^ 

89.2;    humid- r  no 

ity,  84.  J  ^ 


— . — :-  I       I    I    I-     ■- 


M0t3wl«: 


1^  >8oal.  110  2  58j 


(|SS§§> 


A.  M.— Barome- 1 
tor,     29.914; 


r  KMA>  KR   KBA   K 


thermometer,  )  46  Dec  17' 
39  2 ;    humid- 
ity, 84.  I  ,    . 


19 


27 


26 


S 


iKDAi 

I      23  ' 


•1        i  f^ 

•l47Deo.l7<  . 


A.  H  — Barome- 
ter,    29.914 
thermometer,  . 
to.2 ;     humid- 
ity, 84.  J 

P.  M. — Barome- 1 
ter,     29.825;!      _ 
thermometer.  ^  48l>ec.  17^ 
39.8 :    humid 
ity,  76. 


120 


KMA   KR   KBA    KQ   KDA 
19         27  :      26  .      25         23  . 


>3cal.  110  2  55 


I 


120 

I  •  I  .  I 

f.KMA    KK   KBaIkQ   KDa' 
19         27        26  '      25        23 


USSSttT 


>8oal.  110  2  55 


120 


>3cal.;il0  2  55 


P.M.— Barome- 1 
ter;    29.H25 ; 
thermometer, 
89.8 ;    humid- 
ity, 76. 


I 


( 


I 


/49Deo.l7< 


KMA    KR   KBA   KQ   KDA 

Ig  ■      27  •      26        25        23    ^8cal.ll0  2  55 

120 


P.  M.— Baromo-) 
ter,    29.825;  j        19 

thermometer,  >  sw-i'ec- 1<  ^  ,. 
39.8 ;    humid- 
ity, 76.  J 


r  KMA'  KR    KBA   KQ   KDA 


27 


26  . 


S 


23 


120 


>3cal.  110  2  55 


^•e  o  d  e  ^  C| 


I 


9Mb.  11 


9»XVli 


($  sS  ci  S  S  ) 


I 


1.MM- 


51  Dec.  18  N 


fKMA    KR   KBA   KP   KDA 

19         27         26         25         23 


120 


'8cal.  110  2  55 


I 


A.  M. — Barome- 
ter,     :i0.lO:>; 
thermometer,  •{ 
2tf  1 :     humid 
ity,  67. 


52Deo.  18«^ 


fKMAJKR    KBA    KP   KDA 
19         27  .      26         25         23 


120 


Tl 


vn% 


•\ 


3caL 


109  2  55 


:    I    .  '      ' 

!  I  >  < 


53Decl8<{ 


f  KMA    KR  KBA    KP  ,KDA 
f9  .      27         25  .      24        22  ! 


I 


'4ca].  150  ;8  10 


I 


117 


; 


The  tiitfht  of  projcitileH  was  >r»od  throughout.    Where  the  term  **  Sub."aDi>«ara  in  oolamB  of 
f  lie  preHMure  waa  letus  thau  18,U00  pouuda  per  square  inch. 
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Hook,  N.  J.,  from  December  10  to  December  18,  1884 — Continued. 

'  Premare,  I  | 

poiiniU,  per  Distance  fh>m  center  of '  Distance  tvoxn  center  of  I 
son»reinoh  target,  in  feet.  impact,  in  feet.         , 

of  bore, at — 


Wind, 
•tmifrth 

and 
AfcrecUtiiL 


•l.i'2     Vertical,    i  Horizontal  J    Vertical.    |  Horizontal. 


s 


o 


.a 


1^ 


> 


c 


.a 


$2 


Special  remarks  about  each 
fire,  such  as  effect  on 
piece,  sound  of  projectile 
in  flight,  scattering  of 
fragments.  See. 


2i  .  o  \ 

«  -5  ®  f Fired  at  3,0OO.yard  target;  sighting  sbotj  struck 

3  jc  — "  i      H  yards  short. 


§  o  S  r  Fired  at  3, 000- yard  target ;  sighting  shot ;  simck 
sT  =r  o  (      *'  ^'  right  and  12'  6"  below. 

?«    CM    CM    J 


i-i-^    0.58 


*•■=£  = 


E-s 


51  S, 


>  •  » 


9*    — 


3 
9 


cc; 


c* 


3.00 


3.52 


1.43 


...    1.50    0.25  ;  1.44 


4.68 


13.00    11.00 


12.50     4.50 


s\*    0.76  1 13.83 


....    10.06     6.57 

9.56     0.07  ! 

3.69    9.40  ; 


•  *   -     1.34 


1.00 


4.28  < 3.43 


3.75 

6.42 
,20.58-1 


r 


2.  07     6.  69 


6.50 


27. 00  33. 33     2.  32   19.62    19.  62   16.  04 
■  7=2.94131. 01-*- 7=4.43  39.24-1-7=5.61  32.08H 


16.04 
■7=4.58 


eS 

o 

« 

3 
U 
Pi 


o 

as 

s 


1 


CO 

e8 


The  housing  of  press- 
ure plug  of  first  load- 
ine  hole  broke  off 
while  being  an- 
screwed,    and   the 

f)lug  of  the  third 
oading  hole  was  also 
badly  damaged ;  both 
were  removed  and 
replaced  by  blanks. 
Unbumt  powder 
picked  up  at  the  sec- 
ond frame. 


>  * 


Mean  Tertical  deviation  fh>m  center  of  impact.  5'.61 

Mean  horizontal  deviation  from  center  of  im- 
pact         4'.68 

Mean  deviation  from  center  of  impact  .   ■       7'. 25 

A  crack  was  developed  in  the  ca8t>^ron  casing  extend- 
ing longitudinally  from  a  i>oint  6  inches  in  front  of  the 
third  loading  hole  to  a  point  12  inches  in  rear  of  the 
first  loading  hole,  as  per  sketch  accompanying. 
From  the  thirty-fourth  round  impressions  wore  taken 
after  each  round,  and  it  was  shown  that  the  crack  in 
the  steel  tube,  while  scored  by  the  powder  gases, 
was  extcLded  in  length  only  about  14  inches. 


Fired  at  3,000-yard  tar 
get ;    sighting    shot ;  < 
under  target. 


'  Not  taken. 
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Star  gauging  of  S-inck  multicharge  gun. 


Iiiches 

from 

lunszle. 


S«ut.  4. 


diameter 
of  bore. 


Sept.  7. 
1883. 


Dinmeter 

of  bore 

after 

8  nmnda.  - 


Oct.  31, 
1883. 


Diameter 
of  bore 
after  31 
rounds. 


Deo. », 

1884. 


(•) 


Inobea 

from 

maxzle. 


Sept.  4, 


Orif^nal 
i  diameter 
'  of  bore 


Sept.  7,  I  Oct.  31, 
1883.      ■      18P3. 


Diameter 

of  bore 

after 

6  rounds. 


Diameter 
of  bore 
after  SI 
rounds. 


Deo.f. 

1884. 


<•) 


t 


158 

257 

256 

255 

254 

253 

252 

251 

250 

249 

24^< 

247 

246 

245. 

244 

243. 

242. 

241 

240. 

239. 

23^ 

237. 

236. 

235. 

234. 

233. 

232. 

231. 

230 

228. 

227. 

226. 

225 

224. 

223 

222 

221 

220. 

219 

218. 

217. 

216. 

215. 

214 

213 

212. 

•ill. 

210 

209. 

208. 

207 

206 

205 

204. 

2ai 

202 

201. 

200 

199 

198 

197 

196 

195 

194. 

193 

192. 

191. 

190. 

189. 

188. 

187- 


u 

5 

O 

J2 
K 


6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 


188 
187 
187 
188 
187 
187 
187 
188 
6.077 
6.012 
6.012 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.0)3 
6.013 
6.013 
6.013 
6.013 
6.013 
Pocket 
Pocket . . 
Pocket.. 
Pocket . 
P(  cket . 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.012 
6.012 
6.012 
6.012 
6.  012 
6.013 
6.013 
6.014 
6.014 
6.  014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
Pocket.. 
Pocket . . 
Pocket.. 
Pocket . . 
6.013 
6.013 
6.013 
6.013 
6.013 
6.013 


6.188 
6.188 
6.188 
6.188 
6.187 
6.187 
6.188 
6.188 


6.187 
6.188 
6.188 
6.188 
6.189 
6.190 
6.190 
6.190 


6.017 
6.015 
6.015 
6.015 
6.016 
6.016 
6.016 
6.016 
6.016 
6.016 
6.016 
6.015 
6.015 
6.l.'15 
6.015 
6.015 
6.015 
6.015 
6.  015 
6.015 
6.015 
6.015 
6.016 

Pi«ket. 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
(I  014 
6.014 
6.015 
6.014 
6.014 
6.  014 
6.  014 
6.013 
6.013 
6.  01.1 
6.013 
6.013 
6.014 
6.014 
6.014 

Pocket . . 

Pocket.. 

Pocket . . 

Pi»cket . . 

Pocket . . 
6.014 
6.014 
6.014 
6.015 
6.015 
6.015 


6.016 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.013 
6.013 
6.013 
6.013 
6. 012 
6.013 
6.016 


6.020 
6.023 
6.026 
6.026 
6.024 
6.022 
6.020 
6.020 
6.  020 
0.020 
6.020 
6. 020 
6.019 
6.019 
6.019 
6.019 
6.019 
6.019 
6.018 
6.018 
6.018 
6.018 
6.016 
6.015 
6.015 
6.015 
6.014 
6.018 
6.018 
6.023 
6.026 
6.029 
6.030 
6.030 
6.026 
6.025 
6.025 


186. 

185. 

184. 

183. 

182. 

181. 

180. 

179. 

178. 

177. 

176. 

175. 

174. 

173. 

172. 

171. 

170. 

169. 

168. 

167. 

166. 

165. 

164. 

163. 

162. 

161. 

160 

159. 

158 

157. 

156. 

155. 

154 

153 

152. 

151 

150. 

149. 

148. 

147. 

146. 

145. 

144. 

143 

142 

141. 

140. 

130. 

138. 

137. 

136. 

135. 

134 

133 

132. 

131. 

130. 

129. 

128. 

127. 

126. 

125. 

124. 

12S 

122. 

121 

120. 

119. 

118. 

117 

116. 

115. 


6.014 
e.015 
6.015 
6.015 
6.015 
6.015 
e.016 
e.016 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
e.014 
6.014 
6.014 
6.013 
6.014 
6.014 
6.013 
6.014 
6.014 
6.014 
a  015 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.015 
6.015 
6.017 
6.017 
6.017 
6.017 
6.016 
6.016 
6.016 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket. 

Pocket . . 

l*ocket 

Pocket.. 

Pocket . 
6.013 
6.013 
6.013 
6.013 
6.013 
e.013 
6.014 
6.014 
e.014 
6.014 
6.014 
6.014 
6l014 
6.013 
6.013 


6.015 
6.016 
6.016 
6.016 
e.016 
6.015 
6.017 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
e.014 
6.014 
6.014 
e.014 
6.015 
6.015 
6.015 
e.014 
6.014 
6.014 

Pockt  t. . 
6.014 
6.014 
6.015 
6.014 
e.014 
6.013 
6.013 
6.013 
6.013 
6.013 
6.014 
6.014 
6.014 
6.015 
6.017 
6.017 
6.017 
6.016 
6.016 
6.015 
6.015 
6.014 
6.014 
6.014 
6. 614 
6.014 
e.014 
6.014 

Pocket . 

Pocket. 

Pocket. 

Pocket . 

P(»cket . . 
6.015 
6.015 
e.015 
6.014 
6.014 
e.015 

e.015 
e.016 

6l015 
6.015 
6.015 
6.015 
e.014 

e.014 
e.014 


e.034 
e.024 
e.024 
6.024 
6.023 
6.023 
6.023 
e.023 
6.022 
6.020 
6.020 
6.018 
e.019 
6.018 
6.018 
6.018 
6.018 
6.018 
6.016 
6.016 


6.021 
e.024 
6.024 
6.024 
6.023 
6.023 
6.023 
6.022 
6.022 
6.023 
6.023 
e.024 
e.023 
e.024 
e.024 
6.024 
e.022 

e.021 
e.020 
e.019 
e.017 
e.017 

6.016 

e.oie 
e.015 
e.014 
e.013 
e.018 


e.020 
e.020 

6.020 
e.09Q 
6.019 
6.018 
e.018 

e.018 
e.019 
e.018 
e.oao 
e.0M 
e.018 
e.ett 
e.«a 


t.( 

8.1 
8.1 
8.1 
8.1 
8.( 


*  Star  gaaf^ed  after  three  bands  had  been  shrunk  on,  to  ascertain  if  shrinkaise  of 
lM>re,  Slc. 


K*ft«i^  Ittd  eksAssA 
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Star  gauffing  of  6-inoh  mulHoharge  gun — Continued. 


Sept.  4,      Sept.  7, 
IMS.  1883. 

Inehee    - 

m^e.    Original  ;  ^!*E?*«' 


Oct.  31,      Dec.  9,    I 
1883.  1884. 


114    8.012 

113    8.010 

112      ....  8.010 

111    8.010 

llU    8.010 

1» 8.010 

108     ....  8.010 

WJ 8. 010 

!•• 8.  010 

1«5 8.  010 

104 8.010 

103 8.011 

102 8.011 

101 8.011 

100 8.011 

00 8.011 

08    8.011 

9! 8.010 

00         .  8.010 

OS 6.010 

0€ 8.009 

09    6.009 

08 6.009 

01 6.  009 

00 8.010 

« 8.010 

08    6.010 

«I 6.016 

«    6.016 

» 6.015 

04        ..  6.015 

88 6.015 

«B 8.014 

81 8.014 

» 6.013 

T* Oi  013 

T* 6.013 

77 6.013 

T6 6i013 

75 6.013 

74 8.013 

73    8.013 

72         .  6.013 

71    8.013 

70    6-013 

m 6.  013 

•8 8.  013 

#7 6.012 

as 8.011 

63 8.011 

64 8.011 

63 C  010 

«2 6.010 

61 8.010 

60 6.  010 

59 6.010 

58 8.010 

57    6.010 


8.014 
6.013 
8.012 
a  Oil 
8.011 
8.011 
6.011 
6.011 

6.  on 

6.012 

8.013 

6. 013 

6.013 

8.014 

6.013 

8.013 

6.013 

6.012 

6.011 

8.011 

6.010 

6.01U 

6.010 

8.010 

6.010 

0.011 

6.015 

6.016 

6.017 

6.016 

6.015 

6.016 

6.016 

6.015 

6.  015 

6.  U15 

6.0  IT) 

6.014 

6.014 

6.014 

6.  015 

6.014 

6.014 

6.014 

6.014 

6.013 

6.014 

6.013 

6.013 

6.012 

6.011 

6.011 

6.011 

6.011 

6.010 

6.010 

6.010 

6.011 


Diameter 
of  bore 
after  31 
rounds.  ' 


8.023 
8.023 
6.022 
6.021 
6.021 
R.  021 
0.021 
6.020 
6.020 
6.  021 
6.020 
6.020 
0.  020 
6.  020 
6.  020 
6.020 
6.  020 
6.019 
6.018 
6.  (m7 
6.017 
6.017 
6.017 
6.016 
6.016 
6.016 
6.019 
6.022 
6.022 
6.020 
6. 020 
6.020 
6.019 
6.020 
6.020 
6.018 
6.018 
6.019 
6.018 
6.018 
6.019 
6.018 
6.018 
6.018 
6.018 
6.017 
6.017 
6.016 
6.015 
6.016 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.015 
6.016 


(*) 


6.024 

6. 024 

6.024 

6.  025 

6.025 

6.  025 

6.  025 

6.  025 

6.025 

6.  025 

6.025 

6.  024 

6.024 

6.  023 

6.  023 

6.023 

6.023 

6.022 

6.020 

6.020 

6.  020 

6.  020 

6.  020 

6.020 

6.  021 

6.  022 

6.  025 

6.026 

6.026 

6.  025 

0.  025 

6.025 

6.025 

6.025 

6.024 

6.  024 

0.024 

6.023 

6.  023 

6.023 

6.023 

6.023 

6.  023 

6.  023 

6.  022 

6.  022 

6.021 

6.  021 

6.020 

6.020 

6.020 

6.019 

6.017 

6.017 

6.017 

6.016 

6.019 

6.019 


Sept.  4,      Sept  7, 
!      18^.  18^. 

Inches  !  -  •     


Oct.  31,      Dec.  9, 
1883.  1884. 


58 

65 

54 

53 

52 

51 

50 

49 

48    .... 
47 

46    .... 
45    .... 

44 

43    .   .. 
42      . . . 

41 

40 

39 

38 

3i      . . . 

36 

«9«J         .   .    .    . 

34 

33 

32    .... 

31 

30      ... 
29    .... 

28 

27 

*26 

25      ... 

24 

23 

22    ..   . 

21 

20 

19 

18 

17 

16 

15 

14    .... 

13 

12    ... 
11    ..    . 
10    .... 

9    .... 

8 

7 

6 

5 

4 

3 

2 

1  .. 
Muzzle. 


diameter 
of  bore. 


8.010 
6.010 
6.010 
6.010 
6.010 
6.009 
6.009 
6.009 
6.009 
6.009 
6.009 
6.008 
6.008 
6.008 
6.008 
6.007 
6.006 
6.006 
6.006 
6.005 
6.  005 
6.004 
6.0U4 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.002 
6.001 
6.001 
6.000 
6.000 
6.000 
6.  000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.  (»00 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.  002 
6.003 
6.004 
6.  005 
6.007 


after 


Diameter 
of  bore 
after  31 


6  rounds. '  imunds. 


6.010 
8.011 
6.010 
6.010 
6.010 
6.010 
8.010 
6.009 
6.009 
6.009 
6.008 
6.008 
6.008 
6.008 
6.007 
6.007 
8.007 
6.066 
6.006 
6.005 
6.005 
6.004 
6.004 
6.004 
6.003 
6.003 
6.003 
6.003 
6.003 
6.  003 
6.002 
8.002 
6.002 
6.001 
6.001 
6.001 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.  000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.000 
6.001 
6.002 
8.003 
6.004 
6.007 


6.014 
6.014 
6.014 
6.013 
6.013 
6.012 
6.011 
6.011 
6.011 
6.010 
6.010 
6.010 
6.010 
6.010 
6.010 
6.010 
6.010 
6.009 
6.008 
6.008 
&008 
6.007 
6.007 
6.006 
6.006 
6.006 
6.006 
6.006 
6.008 
6.006 
6.005 
6.005 
6.005 
6.005 
6.004 
6.004 
6.004 
6.004 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.003 
6.004 
6.004 
6.004 
6.004 
6.007 
6.007 
8.008 
6.009 
6.012 


(*) 


6.018 
8.016 
8.018 
8.016 
6.016 
8.016 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
8.014 
6.014 
6.014 
6.013 
6.013 
6.018 
6.014 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
8.016 
6.018 
6.017 
6.016 
6.016 
6.016 
6.016 
6.015 
6.015 
6.014 
6.014 
6.013 
6.013 
6.012 
6.010 
6.010 
6.009 
6.009 
6.008 
6.008 
6.008 
6.008 
6.007 
6.008 
6.006 
6.007 
6.007 
6.007 
6.007 
6.010 
6.028 


*Star  ganged  after  three  bands  liad  been  shrank  on.  to  ascertain  if  shrinkage  of  bands  had  changed 
bore.  Slc. 
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Appendix    2'2 


ASSUMED  AND  CALCULATED  DATA  FOR  CONSTRUCTINa  A  b-INCB  STEEL 

SIEGE  GUN,     BY  THE  ORDNANCE  BOARD. 

(I  plate.) 


Assumed  data. 

Weight  of  projectile pounds. . 

Weight  of  charge do 

Density  of  loading 

Length  of  chamber inches.. 

Yolume  of  chamber cubic  inches.. 

Length  of  bore caliber  (150  inches) . . 

Diameter  of  bore inches . . 

Length  of  gun do 

Weight  of  gun pounds . . 

Preponderance  at  1  foot  from  base  of  breech do . . 


45 
12 
32 
15 

384 

30 

5 

162 
3,500 

200 


Physical  properties. 
'         Tenacity. 


Jacket 
Tube  .. 


Pound*. 
95. 000 
80,000 


Elastic  limit. 

Pounds. 
45,000 
38,006 


Factor  of  safety 

TwtioT  of  effect per  qent . . 

Calculated  data. 

fl)  Initial  velocity feet..   17.10 

a)  Maximum  pressure tons  per  square  inch . .    15. 51 

(3)  Distance  of  projectile  from  bottom  of  bore  when  maximum  pressure  exists, 

inches IH.  0 

(4  and  5)  Pressures  and  velocities  at  different  points  of  bore. 
Distance  from!  Pressure  in  ' 


4 

75 


\.  end  of 

tons  per 
square  inch. 

Velocities. 

Difference. 

raber. 

.ehe$. 

Feet. 

Feet. 

3 

15.  51 
13.  75 

559.8 
696.6 

5 

338.8 

15 

8.04 

1035.4 

167.4 

25 

6.24 

1202.8 

108.5 

35 

4.«« 

1311.3 

79.3 

45 

4.00 

1390.6 

61.9 

55 

3.38 

1452.  5 

50.5 

65 

2.93 

1503.0 

42.3 

75 

2.60 

1.545.  3 

36.3 

P5 

2.34 

1581.6 

31.8 

95 

2.15 

1613.4 

28.2 

105 

1.97 

1641.6 

25.1 

115 

1.80 

1666.7 

22.8 

125 

1.65 

1689.5 

20.8 

135 

1.53 

1710.  3 

Muzzle 

153 
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(6)  Thickuess  of  wall  at  maximam  diameter  of  ohamber  with  factors  of 

safety 4 

Thickness  of  tube iuchee..     1.7 

Thickness  of  jacket do 2.8 

4.5 

(7)  Elastic  resistance  of  chamber tons. .  15. 635 

Elastic  limit  of  tube  assumed pounds . .  38, 000 

(8)  Jacket  may  terminate  in  fn)nt  of  face  of  chamber inches..  36 

(9)  Shrinkage  per  linear  inch 0. 0014 

Total  shrinkage 0.01274 

(K))  Initial  compression  of  tube  under  shrinkage tons  per  square  inch . .     4. 036 

Resistance  of  tube  to  compression tons  per  square  inch . .     6. 185 


I 
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Comparative  table  of  foreign  siege  gune  ofahout  12<* 


Nation  or  manafactare. 


Kmpp 


Denomination. 

Material. 

t 

a 

4 

t 

1 

1 

1 

5«- 

Steel  hooped 

4. 13 ; 

2,300.4 

264. 

France DeBange  12*" SteeUiooped 4.72      2,645.5  —48. 

at  a*.  98 


Italy  . . 
Anstria 


Plastic  obturator    . .    Steel  hoopeil 4. 70      3, 086.       i 

12«" Com prewed  bronze  .       4.7         3,740. 


187.4 


Swiss 

En^rland 

Prelected  (United  SUtes) 


12«- Steel 

40-pdr.,  SScwt.,  M.  L    Steel,  wronght  iron 
5-inch Steel  Jacketed  .. .   . 


4.7     , 

8,124. 

8M. 

4.75  1 

3,864. 

M. 

5.       ! 

3,500. 

2001 

Comparative  table  of  foreign  siege  guns  of  about  12*"  (4".7) 


Powder  charge. 


Nation  or  mannfkotnre. 


Kmpp 


Denomination. 


Material. 


10.5"» I  Steel  hooped 


a 
a 

s. 

■s 


Nature  of  grain*. 


8,\Jt 


France i  BeBange  12*" j  Steel  hooped 0. 93 

Italy i  Plastic  obturator  .. .    Steelhooped [      0.9 

Austria i  12** !  Compressed bronie  .     10.58 

Swiss ;  12«- 

Sngland !  40-pdr.,  85cwt.,  M.  L 

Pr^ected  (United St»t«s) . .   5inch 


ipi 

Steel i  7. 

Steel,  wronght  iron  .  7. 

Steel  Jacketed ;  12. 


Prismatle  dMiUj  5 
1.04.  } 


Grains  0.5"  thiok...' 
I  Prismatic  Boltwaa., 
I  11.L.O , 


.  .iil 
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H".J )  ctlibtr  tmd  propoitii  t-inok  ileel  liege  gun. 

Le^CUi.  TwiiL  I  QroDTcd.  Pa*d*r  cbambar. 


i 
I 

i 

3 

1 
1 

fc      1 

1 

1 

g  18 

14. 7S 

PWIO 

,f- 

1 

0  81S 

0.03 

J 

M,( 

-sw 

o.sn 

IkW 

*1.J 
32. 
M. 

14.98 

as 

(1.SM1 

0.01 
0.01 

•■  a»d  propoied  b-inch  iltet  liege  gun — Cootiu 
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CONSTRUCTION  REPORT  OF  THE  CAST-IRON  BODY  FOR  THE  TEN- INCH 

WIRE-WRAPPED  B,  L.  RIFLE. 

By  Capt.  D.  a.  Lyle,  Ordnance  Department,  U.  8.  A. 

TIME  EMPLOYED. 

This  body  was  included  in  the  contract  made  September  24,  1883, 
with  the  South  Boston  Iron  Works.  It  was  cast  March  28,  1884,  and 
was  inspected  August  28-29,  1884.  The  body  was  finished  in  five 
months  from  the  date  of  casting  and  within  eleven  months  of  the  date 
of  the  contract. 

THE   CASTING. 

The  details  regarding  the  furnace  charges,  the  record  of  casting,  the 
cooling,  the  physical  properties,  and  the  initial  tension  are  given  in  the 
statement  of  fabrication  appended  hereto  and  forming  part  of  this  report. 

The  casting  was  made  breech  down,  with  an  excess  of  metal  upon 
the  breech  sufficient  to  allow  a  cylinder  about  fifteen  inches  in  length  to 
be  taken  from  that  end  for  experimental  purposes. 

FINISHING. 

The  chase  of  this  gun  was  finish-turned.  The  cylindrical  portions 
designed  to  receive  the  wire  wrapping  was  ordered  to  be  turned  to  the 
dimensions  given  in  the  drawing,  but  when  completed  it  was  found  that 
these  diameters  exceeded  those  prescribed  by  about  .04  inch. 

This  variation  was  subsequently  authorized.  The  rifled  portion  of 
the  bore  was  directed  to  be  bored  out  to  9.95  inches,  leaving  .05  inch, 
for  finish-boring  after  wrapping  with  wire. 

The  same  allowance  was  made  in  the  diameter  of  the  chamber,  leav- 
ing it  to  be  finished  after  the  application  of  the  wire,  and  to  have  the 
seat  for  the  steel  bushing  of  the  breech-block  cut  in  the  rear  end.  The 
forward  slope  of  the  chamber  was  also  left  to  be  finished  after  the  wrap- 
ping with  wire. 

A  slight  excess  of  metal  was  left  at  the  breech  end  to  serve  for  start- 
ing reamers  and  boring  tools. 

PHYSICAL  PBOPEBTESS. 

The  {prescribed  tenacity  was  required  to  be  not  less  than  30,000  nor 
more  tnan  37,000  pounds  per  square  inch.  The  usual  tenacity  speci- 
mens, taken  from  both  ends  of  the  casting,  all  fell  within  these  limits. 
The  initial  tension  was  as  follows :  Muzzle,  16,190  pounds  per  square 
inch ;  breech,  13,125  pounds  per  square  inch. 
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^  SHIPMENT. 

The  body  for  the  lOincli  wire-wrapped  B.  L  rifle  was  shipped  to  the 
coinmauding  oflBcer  of  Watertowu  Arsenal,  November  12,  1884. 

REMARKS. 

Attached  to  this  report  will  be  foand  star  gauge  record  of  measure- 
meuts  of  the  bore  and  measurements  of  the  exterior  diameters  of  the 
gun  body,  together  with  the  variations  in  the  exterior  diameters. 


Table  I. — StatemeHt  of  fabrication  of  ordnance  for  the  service  of  the  United  States  bg  8ouik 
Boston  Iron  Woi'k*,  at  the  South  Boston  Foundry^  under  the  supervision  of  Capt,  D.  A. 
Lylff  Ordnance  Department, 

(Caat-iroo  bodv  for  lO-inoh  wire-wrapped  B.  L.  R.  jrau.    CaAt  March  28, 1884.    Inspected  Anguat 

1884.] 


Ko.l  

No.2  

Xa.3.hard*. 
Ko.  3,  floft  . 
Romelted    . 


CHARQE. 


Iron  UMd. 


Famacen. 


Grade  of  irou. 


i  No.  1.     No.  2. 


Tons.     Tons.  \ 


No.  8. 


TtoliiL 


■I' 


6 
0 
« 
9 


27 


9 


27 


Richmond  iron. 


S^tionn    of    16-inch  ' 
Rodman  S.  B.  gana. 


\ 


*  Clashed  as  Ko.  4  Richmond  at  this  foundr>-. 

Coal  consumed  :  Not  kept  accurately.    Approximately  27  tons. 
Character  qf  test  ttiek$ :  Record  not  kept. 


RECORD  OF  CASTING. 


U 
U 
It 

u 


Furuaces  tired  March  2S,  No.  1  at  4  a.  m., 
No.  2  at  3.30  a.  in. 

Metal  down  at  11.30  a.  m. 

Time  of  melting :  No.  1, 7^  hours ;  No.  2, 8 
honrs. 

Time  in  fusion,  4^  hours. 

Gnu  cast  at  3.40  p.  m. 

Time  occupied  in  casting,  11  minutes. 

TempiTutnre  of  water  entering  core-bar- 
rel, 39  degrees. 

Temperatnie  of  water  leaving  core-barrel, 
39  degrees. 

Kate  of  wat4jr  per  minute,  36  gallons. 


Fire  kindled  in  pit  about  4  p.  lu. 

Fire  iu  pit  went  out  Marcii  29,  aboat  S 
p.  m. 

Fire  in  pit  burned  about  23  bonra. 

Water  shut  off  March  29  at  9  a.  in. 

Core-barrel  removed  at  11  a.  m. 

Water  entered  gun  at.  12  m. 

Kate  of  water  per  minute,  20  gallons. 

Temperature  of  water  entering  gun,  S9 
degrees. 

Temperature  of  water  leaving  gun,  172  de- 
grees. 

Total  time  iu  cooling  gun,  90^  boun. 
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COOLINQ  TABLE& 


Core-barrel  n>no 

^. 

III 

1 

i 

1 

;l 

ll 

1 

1 

a 

1 

1 

^ 
^ 

1 

'1 

1 

TIT'V 

IR 

^ 

MS 

M      » 

ifl 

fkl 

iH 

M 

mo 

as     la 

B4      30 

4s 

i 

120 

is 

W      M 

i 

M 

48 

i 

1 

SI 

40.5 

*  Rsl*  of  water,  30  nllolu  Mr  mini 

UBCHANCCA.L  TESTS. 
Specijia  grants. 


i  Rite  of  water.  20  gBllonii  per  mliii 
11  Water  »hn%  oil  uid  began  openinf 


How  taken. 

Deosit;.    ;      How  Ubeo. 

■i>™.i.r. 

I„.„.M,.... 

rzHM  ....do 

T.ma 

IK! 

S«J— H 

M*3-0 

!:S  ::::'"-. 

Ko.ie-o 

lt*IT-0 

;::t ::;::;::::: 

BfMtli  tiag. 

Muile  rlDg. 

Teoaelt;. 

How  taken. 
Tangentially  , .. 

Tenaoltj. 

3i,m 

M.T15 
34;  301 

^?S 

!?'S; 

32,J73 

INITIAL  TENSION. 


Eiterior 
ofriV 

5SS 

•eoUon. 

Eilerlor 

opeplug. 

Eiteaaion 

offllroom- 

IniUal 
tenalon. 

7nelU(. 
31.  OM 
SI.  129 

I^ 

Inelt. 

!0OOM 

aiis 

O-MT 

DDaiblllt;  ror 

]|  by  lholii»irt -_  .. 

trj  stage  of  Che  masafaodire. 
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Table  II. — Star  gauging  of  bore  of  lO-inch  wire  urapped  B.  L,  rifle^  at  fintMhed  by  the 

South  Boston  Iron  Works, 

[Finiithed  diameter  of  bore  =  10  inches.    Preaoribed  diameter  of  bore  =  9.85  inohes.1 


6 

ti 

_  B 

•§a 

a 


a 


s 

a 
o 

o 


"3 

-a 

9 


1 

3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
85 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
57 
50 
61 
«3 
«5 
67 
^ 
71 
73 
75 
77 
79 
81 
83 
85 
87 
89 
91 
93 
95 
97 
99 
101 
103 
105 
107 
109 
111 
113 


9.950 
9.949 
9.949 
9.949 
9.950 
9.951 
9.949 
9.950 
9.950 
9.950 
9.950 
9.950 
9.950 
9.950 
9.950 
9.950 
9.949 
9.949 
9.949 
9.949 
9.949 
9.950 
9.950 
9.949 
9.950 
9.949 
9.949 
9.950 
9.950 
9.950 
a949 
9.950 
9.950 
9.950 
9.949 
9.950 
9.950 
ft  950 
9.950 
9.950 
9.949 
9.950 
9.950 
9.950 
9.950 
9.950 
9.949 
a949 
9.949 
9.949 
9.949 
9.949 
9.  l»50 
9.949 
9.949 


9.951 
9.950 
9.950 
ft  951 
9.951 
ft  951 
ft  951 
9  951 
ft  951 
ft  951 
ft  951 
ft  951 
ft  951 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft950 
ft9.M) 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ftft'W 
ft  950 
ft  950 
ft  950 
9  950 
ft  950 
9.950 
9.950 
ft  950 
ftft'iO 
ft  950 
ft  949 
ft  950 
ft  950 
ft  950 
9.950 
ft950 
ftO.M) 
ft  950 
ft  950 
9.950 
ft  950 


i;  ® 

N 
C  H 

9   3 

•Sa 

a 


115 
117 
119 
121 
123 
125 
127 
129 
131 
133 
135 
137 
139 
141 
143 
145 
147 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 


o 


ft  950 
ft  949 
ft  949 
ft  950 
ft  950 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
9.949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  948 
ft  948 
ft  948 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  948 
ft  948 
ft  949 
ft  948 
ft  949 
ft  749 
ft  949 
ft  949 
ft  948 
ft94xH 
ft  947 
ft  949 
ft  948 
ft  948 
ft  949 


s 

i 

> 

ft  950 
ft  950 
ft  951 
ft  951 
ft  950 
ft  951 
ft  950 
ft  950 
ft  951 
ft  951 
ft  950 
ft  950 
ft  951 
ft  951 
ft  951 
9.949 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  950 
ft  949 
ft  949 
ft  950 
ft  930 
ft  950 
ft  950 
ft95<> 
ft  9.i0 
ft  949 
ft  949 
ft  950 
ft  950 
9.950 
ft  950 
9.950 
ft  949 
ft  949 
9.949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 


H 

•ga 

a 


189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230  ^ 

231 

232 

233 

234 

234.1 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 


a 

s 

•E 

o 


1 


^£ 


ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  948 
ft  948 
ft  948 
ft94« 
ft  949 
ft  949 
ft  949 
ft  919 
ft  949 
ft  949 
ft  948 
ft  948 
ft  948 
ft  949 
ft  948 
ft  947 
ft  948 
9.948 
ft948 
ft  948 
ft  948 
ft  948 
ft  948 
ft948 
ft  948 
ft  948 
ft  948 
ft948 
ft  947 
ft  948 
ft  947 


Front 
end  of 
cham- 
ber. 


ft  792 
10. 810 
10. 813 
10. 813 
10.811 
10. 812 
10.809 
10. 812 
1ft  811 
1ft  811 
1ft  810 


• 
>       !. 


ft  949 
ft  949 
ft  949 
ft  949 
ft949 
ft  949 
ft  949 
ft949 
ft949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
9.949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  949 
ft  945 
ft  949 
ft  949 
ft  948 
ft  948 


Not 
meas- 
nred. 


ft  746 
1ft  836 
1ft  813 
1ft  816 
1ft  816 
1ft  812 
1ft  812 
1ft  812 
1ft  812 
1ft  812 
1ft  813 


•  N 

1       o 

g 

9  3 

'           M 

%r 

•ga 

'      1      ! 

t 

S 

a    !_ 

Ift  810 

> 

245 

1ft  81S 

246 

1ft  810 

1ft  810 

247 

1ft  810  i 

1ft  811 

248 

1ft  810  : 

1ft  810 

249 

1ft  810 

1ft  81S 

250 

1ft  808  j 

1ft  810 

251 

1ft  80R  ■ 

1ft  810 

252     1ft  800 

1ft  860 

253 

1ft  808  i 

1ft  812 

254 

1ft  808 

1ft  81f 

255 

1ft  810 

1ft  880 

256 

1ft  811  ' 

1ft  818 

257 

1ft  812  ' 

1ft  815 

258 

1ft  810 

1ft  811 

250 

1ft  810 

1ft  811 

260 

1ft  806 

1ft  801 

261 

1ft  8025 

1ft  805 

262 

1ft  803  ' 

1ft  816 

263 

1ft  804  ' 

1ft  804 

264 

1ft  804  • 

1ft  801 

265 

1ft  806 

1ft  810 

206 

lft806  , 

1ft  810 

267 

1ft  806 

Ift  817 

268 

1ft  80S  ' 

1ft  806 

269 

1ft  803  . 

1ft  80S 

270 

1ft  803  1 

1ft  80S 

271 

1ft  80S  ' 

1ft  804 

272  1  1ft  803  ; 

1ft  804 

273 

1ft  806  . 

10.817 

274 

1ft  806 

10.808 

275 

1ft  804  i 

10.804 

276 

10  80S 

1ft  804 

277 

1ft  808  1 

1ft  804 

278 

1ft  803 

1ft  804 

279 

1ft  80S  ! 

1ft  80A 

280 

1ft  802  ' 

1ft  808 

281 

10  802 

1ft  80t 

282 

1ft  802 

10.808 

283 

Ift  801 

1ft  808 

2H4 

1ft  803 

1ft  80t 

285 

1ft  803 

1ft  8« 

286 

1ft  802 

10.808 

287 

1ft  803 

1ft  8« 

288 

1ft  802 

1ft  m 

289 

1ft  801 

10.808 

290 

1ft  803 

10. 888 

291 

1ft  803 

10.888 

292 

1ft  790 

10L888 

293 

1ft  800  1 

10.881 

294 

1ft  790  ; 

10  801 

295 

1ft  800  . 

Ift  801 

296 

1ft  800  ' 

1ft  808 

297 

1ft  800 

10. 808 

298 

1ft  801 

1ft  888 

299 

1ft  801 

10.808 

300 

1ft  802 

Ift  887 
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Tabu  HI.— 


Caliper  record  of  exterior  of  oaat-iron  body  of  lO-ineh  wire-wrapped  lyreeok' 

loading  rifle. 


DIAMETERS. 


a 

a 
Is 

M 
9 


72 

116. 75 
12&75 
13&75 
14&75 
154.75 
156 
157 
158 
150 
160 
161 
162 
168 
164 
165 
166.75 
167 
160 
171 
178 
175 

in 

170 

181 

183 

185 

187 

180 

101 

103 

105 

107 

100 

201 

203 

205 

207 

200 

211 

213 

215 

217 

2ia75  i 

210 

220 

223 

225       ; 

227 

229        j 

281        ! 

233 

235        I 

237 

2:19 

241 

243 

245 

217 

249 

251 

253 

255 

257 

250        I 

281        I 


10 


26 


30.5 

31.25 

8L25 

81.25 

8L25 

81.25 

81.25 

81.25 

81.25 

81.25 

81.25 

81.25 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 

29.7 


Actual. 


•a 

•♦* 

I 

o 
H 


10:115 

23.812 

25.088 

26.930 

27.086 

20.341 

30.508 

31.305 

3L805 

31.800 

81.285 

81.200 

31.287 

3L201 

81.202 

81.287 

81.286 

31.285 

28.023 

28.040 

28.046 

28.048 

28.0461 

28w0472 

28.0473 

28.051 

2a  0502 

2a  0405 

28.046 

28.0464 

2a  0458 

2a  0465 

28.0488 

28.0508 

2a  051 

2a  0528 

28.0538 

2a  0544 

28.054 

28.  0529 

2a  0508 

28. 0518 

28.  05.33 

28.  0545 
2a  0375 
29.7875 
29.7882 
29.7882 
29.7875 

29.  7876 
29.7876 
29.  7876 
29.788 
29.7875 
29.788 
29.788 
29.7884 
29.7883 
29.7876 
29.7872 
29.  7865 
29.7858 
29.  7855 
29.7868 
29.787 
29.7879 
29.7875 


1 
I 


19.100 
23.808 
25.980 
26.920 
27.987 
29.339 
30.505 
8L286 


81.289 
2a  032 
2a  045 
2a  059 
28.051 
2a  060 
28.071 
2a  064 
2a  059 
2a  058 
2a  065 
2a  051 
2a  051 
2a  053 
2a  059 
2a  057 
28.054 
28. 0.'i7 
28.059 
28.061 
2a  055 
2a  059 
28.068 

28.  072 
2a  072 
2a  07 1 

28  065 
28.050 
29 
29.8 
29.798 
29.790 
29. 795 
29.789 

29.  787 
29.  795 
29.795 
29.796 
29.792 
29.791 
29.793 
29.792 
29.  795 

29  791 
29.790 
29.789 
29.791 
29.796 
29.796 
29.790 


a 
o 

:s 

ft 

as 
> 

-a 


1 

±.025       +.115 

±.025  I  *ls0i2  ' 
i 

1 

...... ....| 

±.025 

+.03 

+.03 

+.03 

+.08 

+.03 

+.03 

+.08 

+.03 

+.03 

+.08 

+.08 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+  .04 

+.04 

+.04 

+.04 

+.04 

+.04 

+  .04 

+.04 

+.04 

+.04 

+.04 

+.04 

+  .04 

+.04 

+.04 

+  .04 

+.04 

+  .04 

+.04 


+.008 

+.145 

+.145 

+.05 

+.035 

+.04 

+.037 

+.041 

+.042 

+.037 

+.036 

+.035 

+.023 

+.040 

+.046 

+.048 

+.0461 

+.0472 

+.0473 

+.051 

+.0502 

+.0495 

+.046 

+.0464 

+.0458 

+.0465 

+.0488 

+.0508 

+.  051 

+.0528 

+  .05H8 

+.0544 

+.054     I 

+  0529  I 

+.0508 

+.0518 

+.0533 

+.0545 

+.0375  , 

+.0875  I 

+.0882  I 

+.0882 

+.0875  1 

+.0876 ; 

+.  0876  ' 
+. 0876 
+.088 
+  .0875 
+.088     1 
+.088 
+.0884 
+.0883 
+.  0876  I 
+.0872 
+  .0865  I 
+.0858 
+  .0855 
+.0888  ; 
+  .087    : 
+.0879  i 
+  .0875  i 


o 

S 


.015 

.004 

.008 

.01 

.001 

.002 

.003 

.109 


.006 


002 


003 


.002 


.004 

.009 

.005 

.018 

.003 

.0139 

.0288 

.0167 

.008 

.0078 

.0155 

.005 

.0046 

.0072 

.0125 

.0082 

.0032 

.006 

.0062 

.0072 

.0006 

.005 

.0121 

.0212 

.0212 

.0177 

.0105 

.0125 


.0118 

.0098 

.0025 

.0074 

.0014 

.0006 

.007 

.0075 

.008 

.004 

.0026 

.0047 

.0044 

.0078 

.0045 

.0042 

.0035 

.0042 

.009 

.0081 

.0025 


ObCaiBod  by  takisg  the  difiereoce  between  the  *' prescribed  dimensions"  and  actual  horiiontal  di 


tDtflfaivnee  between  tiie  horixontal  and  yertical  diameters. 
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loading  rifle — CoDtinued. 
DIAMETERS. 


i 

ii 

Actual. 

^ 

i 

u 

8 

1. 

■s 

r 

1 

1 

■§ 

§ 

1 

a 

Ai 

K 

> 

^ 

■3 

M 

H> 

M.7 

29  7KB8  1      2»  791 

+.M 

MRS 

.0029 

»t 

».T 

J»,7W8        SsisOO 

M 

- 

08M 

ZM 

U 

'.mm 

KB 

M 

.os«a 

ZTjt 

2*7 

2».7ii(a[     ssisao 

M 

oera 

04 

- 

:oa33 

- 

a»,7 

2i,im  1     29:^20 

0699 

M 

.00C2 

£80 

M.7 

ra^ '    m™ 

WM 

283 

Sd-T 

89.7863 

04 

«8S1 

:«iis 

2M 

29!  7T 

« 

0804 

ZM 

sIt 

29.771 

'.wx 

t»!7M4 

.l>644 

« 

2se 

3s!t 

SsilflSB 

+ 

29.  Tew 

\(X3a 

»1 

SS^T 

a».7«8 

M 

.0029 

a» 

U.T 

+ 

.o«a 

a9.7(r38 

SM 

20.7834 

04 

!mh 

+ 

29  7028 

10.7 

M 

loss 

; 

300 

M.7 

».!(m  .'    29.778 

01 

:o«Ts 

.0107 

*OblalD«d  bj  Uklnc  the  dllhrfnae  between  the  "  pTeeoilbsd  dlmaiulciiu  "  i 
IDiSkrCDM  between  tbs  borJioiiU)  uid  TcrUo*!  dl 


Appendix  2  4. 


CONSTRUCTION  REPORT  OF  THE  12-INCH  CAST-IRON  BREECH-LOADING 
RIFLE  FABRICATED  BY  THE  SOUTH  BOSTON  IRON  WORKS  DURING 
THE  YEARS  1883-1885. 

By  Capt.  D.  a.  Lyle,  Ordnance  Dbpartment,  U.  8.  A. 

(1  plate.) 

TIME  EMPLOYED. 

This  gan  was  contracted  for  September  24, 1883.  It  was  cast  on  May 
6,  1884,  and  was  finished  and  ready  for  inspection  April  1, 1885.  The 
actual  time  required  for  fabrication  was  ten  months  and  twenty-five 
days,  and  the  total  time  between  the  date  of  the  contract  and  the  time 
of  finishing  the  gun  was  eighteen  months  and  seven  days. 

DESCBIFTION. 

This  breech-loading  gun  is  made  of  cast-iron  with  a  breech  bushing 
of  steel,  and  is  provided  with  the  interrupted  screw  fermeture.  The  ex- 
terior outline  conforms  closely  to  the  Hodman  model. 

The  steel  for  the  breech-bushing,  breech  screw,  spindle,  and  lever  was 
made  by  the  Mid  vale  Steel  Company,  of  Nicetown,  Philadelphia,  Pa. 
The  console  and  hinge-plate  are  of  bronze ;  the  latches,  hinge-pin,  and 
smaller  screws  are  made  of  wrought  iron. 

The  dimensions  of  the  gun  and  the  details  of  the  breech  mechanism 
are  given  on  the  original  drawings  on  file  in  the  Ordnance  Office. 


PRINCIPAL  DIMENSIONS. 

Total  length  of  gon inohes. 

Length  of  rifled  portion  of  bore do... 

Length  of  chamber do... 

Length  of  breech  bushing ^ do... 

Totallength  of  bore do... 

Diameter  of  bore do... 

Chamber : 

Total  length do... 

Seat  for  base  of  shot  (unfinished) do... 

Provisional  length do... 

Length  conical  part do . . . 

Length  cylindrical  part do . . . 

Diameter : 

Front  of  cone do... 

Rear  of  cone do... 

Cylindrical  part do... 

Powder  space : 

Length  of  curved  part ^ do... 

Length  cylindrical  part do... 

Length  of  seat  for  gas  check do . . . 

Total  length do . . . 

Distance  spindle  projects  into  chamber do . . . 

Length  actual  powder  space do . . . 


360 
273 

69 

18 
242 

12 

71 

2 

0.5 
L5 

12 

12.20 

12.20 

9 
57 

3 
69 

6.5 
62.5 
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Exterior : 

Maximum  diameter  (over  seat  of  charge) incbes. .  56 

Diameter  at  mazzle do S4 

Diameter  of  cylindrical  projection  in  rear do 41 

Length  of  cylindrical  projection  in  rear do 2.75 

Trunnions: 

Length do 7 

Diameter do 15 

Rim  bases : 

Diameter  of do.-..  17 

Distance  between do....  55.095 

Distance  fi-om  axis  of  trunnions  to  muzzle do 340.75 

Preponderance  (practically) do.... 

PRINCIPAL  WEIGHTS. 

Total  weight  of  guu  complete  (estimated)* tons..  54 

Breech  block pounds..  900 

Breech  bushing do 1, 196 

Spindle,  clamp,  and  bolts do 195. 5 

Lever  complete do 101 

Console do 1^7 

Total  weight  breech  mechanism do 2, 720 

RIFLING. 

The  rifling  is  pol  jgroove,  with  an  eqnal  namber  of  lands  and  grooves. 
The  twist  is  first  increasing  and  then  nniforui  to  the  mazzle. 

DetaiJi, 
Grooves : 

Number  of 60 

Width inches..      0.448S 

Depth do 0.06 

Width  of  lands do 0.18 

Ra<liu8  of  tillet-bottom  of  grooves do....       0.06 

Lauds  rounded  with  radius  of do 0. 01 

Twist  (increasing)  I  turn  in  i:^  calibers  at  origin  to  1  turn  in  40  calibers, 
and  uniform  at  33  inches  from  muzzle  for  the  remainder,  and  1  turn  in 
40  calibers. 

Total  length  of  rifled  portion  of  bore inches . .  273 

Length  of  bore  haviup:  increasing  twist do 240 

Length  of  bore  having  uniform  twist do.. ..     33 

VENTING. 

The  vent  is  axial  and  coincident  with  the  axis  of  the  spindle.  A  vent 
bushing  is  placed  in  the  front  end  of  the  innshrooin  head  of  the  spindle. 
This  bushing  is  of  copper,  cylindrical,  1.5  inches  in  diameter  and  IJS 
inches  in  length,  inserted  into  a  counterbore  in  the  mushroom  head  by 
pressure. 

The  bottom  of  this  counterlK)re  is  finished  with  an  annular  dovetail| 
into  which  the  cop|>er  is  force<l  by  ])i*essure,  thus  locking  the  bashing 
in  its  seat.  The  diameter  of  the  vent  through  the  bushing  is  0.1  inch: 
through  the  rest  of  the  spindle,  0.2  inch.  The  copper  bushiug  is  finished 
flush  with  the  face  of  the  mushroom  head. 

MARKS. 

The  gun  is  marked  upon  the  muzzle  face  as  follows:  '*  12-incb— -S.  B. 
I.  W.— 1885.— D.  A.  L.— \Vt.,  54  tons."  Tiie  marking  is  placed  in  a 
circle  concentric  with  the  bore. 


*  The  South  BoKtou  Irou  Works  possessed  uo  scales  of  sufficient  capacity  to  w«i|^ 
such  a  mass,  therefore  the  weight  was  estimated. 
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J-OWDEE   PROOF. 


I  The  contract  of  September  24,  IS83,  provides  tbat  this  llj  inch  ritis 
f'Bhall  be  subjected  to  iv  powder  prool'  of  fivo  (5)  rounds,  eiicb  of  160 
poiiuda  of  (lowder,  with  a  projeutile  not  esceedicig  8(HI  poiiiula  in  weiglit, 
prior  to  its  flnal  acceptance," 


FABRICATION. 
7 Vie  oanting. 


The  contract  provided  that  the  oantini;  for  this  guu  should  "  be  inaile 
iiollow,  and  be  cooled  IVom  the  interior  by  a  current  of  air  or  water  j" 
that  the  exterior  at  the  same  time  should  be  "  kept  hot  either  by  a  fire 
built  around  the  flaslt  within  the  uastinu:  pit,  or  by  tilUnft  the  Rpace 
between  Ihe  flask  uud  the  pit-walls  with  some  suitable  iion-conductiaK 
material ;"  Ihiit  the  kuti  Hhunld  be  cast  breech  up,  with  a  sinkiug  head 
not  le«s  than  7  feet  1ori>.',  and  that  the  castini;:  should  be  "sound,  free 
^^  from  cavities,  soft  Kpots,  ;ind  Haws." 

^^^  It  also  provided  that  the  caat-irmi  used  should  be  charcoal  pig  of 
^^■standard  qualiry,  prcscrilied  by  the  Ordnance  Department  for  the  uiana- 
^^■[fteture  of  heavy  guns,  and  that  specimens  talcen  from  the  lower  end  of 
^^■the  sinking  heail  should  have  "an  ultimate  tenacity  of  not  less  ttiau 
^^B  30,<HI<>  pounds  nor  more  than  37,000  pounds  per  square  inch."  The  cast- 
^^Kiug  wa«  made  with  the  larger  or  breceh  endup,  with  a  ri^er  of  the  full  di- 
^^m  ametor  about  7  feet  long.  Tbi-  forin  of  the  casting  was  conoidal,  with- 
^^P  out  any  swells  or  projections  except  the  trunnions;  consequently,  the 
^p  longitudinal  shrinking  of  the  metal  during  cooling  waa  almost  uuim- 
^B  peded  by  any  extraneous  condition  of  the  mold  or  dask  detrimental  to 
f     the  integrity  of  the  casting. 

The  charges  for  the  tnrnaccs,  together  with  all  the  details  of  the  cast- 
ing and  cooling,  will  be  found  tabulated  and  appended  to  this  report. 
The  total  charge  as  given  by  the  founders  was  108  tons,  and  the  time 
of  cooling  15HJ  hours. 

The  physical  properties  of  the  metal  were  determined  from  a  breech 
ring  taken  from  the  lower  end  of  ihe  sinking  head  directly  contiguous 
to  the  breech.  A  second  ring  was  taken  later  from  the  muzzle  about 
4  inches  in  front  of  the  face.  This  was  defective  ou  one  side,  owing  to 
the  projection  into  the  body  of  the  riug  of  the  wroughtiron  chaplet 
used  to  center  the  core.  This  caused  one  of  the  long  taugential  apeci- 
ineuB  to  be  defective. 

FINISHING. 

In  turning  the  exterior  the  i)rescribed  diameters  varied  from  +0".09 
\  to  — O".0tf,  while  the  allowed  variation  is  ±  ."Wi.  (See  table  of  "  exte- 
rior diameters  of  body,"  appended,  marked  "  Table  V,"  and  the  note  at 
the  end  of  that  table.) 

Ill  turning  the  rim  bases  the  workmanout  into  one  of  them  for  a  short 
distance,  making  the  distance  between  tliem  less  than  it  should  lie. 
The  remainder  of  the  rimbase  was  finished  in  accordance  with  the  draw- 


In  boring  out  the  interior  a  portion  of  the  bore  from  GO  inches  to  75 
b-iuehefl,  estimated  fioiu  the  muzzle,  both  iuchisive,  showed  a  variation 
Lin  the  vertical  diametei'  of  about  0".*H  above  the  prescribed  variation. 
I  Theseat  for  the  breech  bushi  ng  and  theexterioroftbebushiug  were  very 
loccaratety  bored  and  turned,  and  au  excellent  contact  was  made  at  the 
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front  face  and  over  the  fillet.    Tbe  rounded  shoulder  had  no  contact  on 
the  curve. 

The  breech  mechanism  was  made  to  conform  closely  to  the  drawings. 

To  prevent  too  much  wear  on  the  hinge  a  steel  i)late  or  washer  was 
inserted  under  the  hinge  of  the  console.  The  catches  were  finished  in 
place.  The  handle  of  the  translating  screw  would  be  more  convenient 
and  easier  on  the  hand  if  it  were  movable  on  an  arbor  instead  of  being 
fixed  as  at  present,  and  constrained  to  turn  in  the  hand  in  manipula- 
tion. The  crank  or  lever-arm  of  this  handle  would  be  better  were  it 
larger,  in  order  to  give  more  leverage.  The  curved  slot  in  the  bushing 
for  the  j)inion  of  the  vent-cover  is  too  abrupt  at  its  lowest  point,  and  re- 
quires the  operator  to  assist  the  cover  over  this  point  with  his  finger 
when  the  lever  nears  the  extremity  of  its  path  to  the  right. 

This  defect  has  been  remedied  in  drawings  for  future  constructions. 

The  lock  for  the  lever  handle  should  have  the  spindle  placed  in  tbe 
lever  itself,  beveled  more  on  its  striking-faces,  else  the  handle  cannot 
be  rotated.  The  rear  face  of  this  handle,  which  strikes  the  spindle  in 
the  lever,  should  be  faced  with  steel,  or  it  will  wear  rapidly  in  service. 

W  ith  the  sj)ring  placed  around  the  spindle  in  the  handle,  the  "split 
nut"  is  unnecessary.  If  a  weaker  s]>ring  were  used  the  nut  might  be  a 
valuable  adjunct  to  give  an  initial  com])ression  to  the  spring,  or  if  the 
spring  should  set  after  use  it  will  be  advantageous.  It  is  furnished 
with  this  gun,  but  will  probably  be  removed  in  firing. 

The  breech  mechanism  after  assembly  worked  well,  except  the  vent- 
cover.  The  translating  screw,  when  it  was  turned  very  slowly  to  with- 
draw the  breech-block,  appeared  to  bind  when  the  nut  was  about  six 
inches  from  the  stop.  When  the  screw  was  rotated  rapidly  this  diffi- 
culty was  not  experienced.  No  attempt  was  made  to  change  or  remedy 
this,  as  it  was  thought  best  not  to  delay  tl.e  completion  of  the  gun,  but 
to  see  if  this  defect  would  cause  trouble  in  manipulation.  If  so,itconld 
be  determined  whether  the  screw  was  too  weak,  and  consequently  would 
bend,  or  whether  the  binding  proceeded  from  mechanical  iinpeiiections. 
The  sections  of  the  interrupted  screw,  both  on  the  block  and  iu  the 
bushing,  had  the  edges  and  corners  all  rounded. 

Tbe  clearance  for  the  shoulder  of  the  spindle  is  .01  inch  all  around 
and  around  the  spindle  itself  the  cleiirance  is  .02  inches. 

By  an  oversight  the  firing-lock  or  hammer  was  omitted  and  tbe  gan 
shipped  without  it.    It  can  be  furnished  if  desired  by  the  Department. 

Physical  Properties. 


BREECH  RING. 
Mean  tenacities  and  mean 

densities. 
Densltj-. 

SiK-cimou8. 

Numbeni. 

1, 2.  and  3 
12, 13.an<n4 
20. 21.  and  22 

Tenacity. 

>.  of 

1 

Uow  taken. 

Tatif;cntially 

Lon::itii(liDally  ... 
Raaially 

3 
8 
3 

7.3297 
7. 3311 
7.3224 

34348 
34212 
84128 
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Maximum  and  minimum  tenacities  and  deneiliee. 


Specimens. 

Densitiea. 

Tenacities.               i 

1 

1 

How  taken. 

Maxironm. 

Minimum. 

Maximum. 

1 

Minimum. 

Tangentially 

Longitndinally  . . . 
Rad&lly 

7. 3725  0 
7.8771  I 
7.3574  0 

7. 2867  M 
7. 2718  M 
7.2875   I 

38438  0 
38236  I 
84630  0 

29099  M 
80947  M 
83213    I 

Abbreviations:  0= specimen  taken  ftt>m  exterior  of  ring;  I = specimen  taken 
Arom  interior  of  ring,  next  the  bore ;  M  «  specimen  taken  from  middle  of  ring. 


Initial  tension. 

Exterior  diameter  of  ring inches.. 

Width  of  slot,  before  rupture do 

Width  of  slot,  after  rupture do 

Total  extension  on  exterior. . : do ... . 

Extension  per  linear  inch  on  exterior do 

Initial  tension pounds.. 


57.15 

.5 

.6615 

.1615 

.  000899511 
15, 750 


WATERTOWN  TESTS. 

Tensile  strength. 
Specimens : 

Number  of 2. 

Length  of  specimen  between  datum  lines inches . .  28. 5 

Diameter do 1. 129 

Area  of square  inches. .  1 

Hardness inches..  15.82 

Specific  gravity do 7.2394 

Ultimate  strength  at  rupture : 

Watertown  No.  422  (S.  B.  I.  Works,  No.  4)=25,000  pounds  per  square  inch. 
Watertown  No.  423  (S.  B.  I.  Works,  No.  5)=26, 970  pounds  per  square  inch. 

These  two  tensile  specimeiis  were  taken  from  tbe  breech  ring.  They 
were  taken  ont  tangentially  and  next  to  the  bore. 

MUZZLE  RING. 

Initial  tension. 

Exterior  diameter  of  ring inches..  25.76 

Width  of  slot,  before  rupture do 49 

Width  of  slot,  after  rupture do 50 

Total  extension  on  exterior do 01 

Extension  per  linear do 000123 

Initial  tension  inch  on  extension pounds..  3,5^0 

The  initial  tension  (3,500  pounds)  above  given  is  based  upon  the  tests 
of  the  longitudinal  specimens  taken  from  the  breech  ring. 

The  tests  of  the  specimens  from  the  muzzle  ring  were  all  made  at 
Watertown  Arsenal  and  have  not  yet  been  received  at  this  office. 

« 

Center  of  Gravity. 


The  gun  was  designed  to  be  without  preponderance,  hence  the  axis 
of  the  trunnions  bad  to  be  so  placed  as  to  intersect  the  axis  of  piece  at 
the  center  of  gravity. 
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DETERMINATION. 

(1)  By  calculation. — The  calculated  position  of  tbis  center  was  deter- 
mined by  assuming  the  gun  to  be  homogeneous  cast-iron  and  to  have  the 
steel  bushing  and  steel  breech  block  in  place.  The  weights  of  the  bush- 
ing and  block  were  calculated  hy  assuming  the  average  density  for 
homogeneous  gun  steel.  In  thisdeterminatiim  the  console,  lever,  hanger, 
and  spindle  were  neglected. 

This  method  place<l  the  center  of  gravity  of  the  gun  239.8  inches 
from  the  muzzle. 

(2)  By  balancing  wooden  model  one-tenth  size, — A  model  was  made  of 
hard  pine,  with  the  breech  block  of  the  same  material.  The  wood  used 
for  this  model  was  as  uniform  in  textui'e  as  could  l>e  procured,  and  the 
model  was  one-tenth  d^-th)  the  size  of  the  finished  gun  with  the  tmn- 
nions  omitted.  The  mass  of  the  trunnions  l>eing  symmetrically  dis- 
posed about  the  center  of  gravity  would  not  affect  its  position. 

This  model  was  then  balanced  on  a  knife  edge,  keeping  the  bore  hori- 
zontal, and  the  distance  of  the  center  of  gravity  from  the  muzzle  meas- 
ured. By  this  methoil  the  center  of  gravity  of  the  gun  was  240  iuches 
from  the  muzzle. 

(3)  By  balancing  the  gun  itself. — It  was  deemed  desirable  to  determine 
the  center  of  gravity  as  accurately  as  c^uld  be  done  by  ex])eriment,  in  t 
order  to  check  tlie  results  of  calculation  and  determine  what  variation 
would  be  found  due  to  variations  in  density,  in  departure  from  the  pre- 
scribed dimensions  in  nnuuifacture,  &c. 

For  this  purpose  the  gun  was  Unisheil  upon  the  ext-erior  and  interior, 
the  breechblock  and  bushing  inserted,  the  console  hung  upon  the  rear 
end  so  that  its  center  of  gravity  occu])ie<l  the  same  position  as  when  the 
mechanism  should  be  assembled,  and  the  trunnions  were  "rough  turned,'* 
leaving  the  diameter  as  great  as  possible.  The  projection  on  the  bushing 
intended  to  engage  the  lever  on  the  final  assembly  of  the  parts  was  left 
necessarily,  but  its  weight  was  offset  by  the  omission  of  the  lever  and 
hanger.  The  trunnions  were  leveled  on  sections  of  railroad  iron  and 
the  axis  of  the  bore  made  horizontal.  The  breech  was  supported  by  a 
rope  suspended  from  a  hook  attached  to  a  scale-beam  so  as  to  weigh  the 
preponderanci^  directly.  The  rope  was  placed  in  contact  with  the  face 
of  the  breech.  The  distance  from  the  face  of  the  breech  to  the  center 
of  the  rough  trunnions  was  measured.  No  platform  scales  of  sufficient 
capacity  to  weigh  the  gun  being  available, its  weight  had  to  beasHumed* 
The  weight  determined  by  calculation  was  54  tons,  of  2,000  pounds  each, 
or  108,000  pounds.  The  diagram  (not  drawn  to  scale)  and  notation 
given  below,  exhibit  the  method  ))ursued. 

M  IP  c  jr 


r' 


f V 


i 
w 


M=mnzzle;  B=breech;  M  B=axi8  of  gun;  D=center  of  roagh 
trunnions;  C=center  of  gravity  of  gun  ;  P=prepondenince  referied 
to  center  of  rough  irunnions,  deterinineil  by  the  steelyards ;  P'=eom- 
ponent  of  the  wtqght,  acting  at  1),  obtained  by  difference  ;  W=:weight 
of  gun  (calculated) ;  fi=ineasured  distance  from  center  of  rough  tran- 
nions  to  face  of  breech  ;  x=distance  center  of  gravity  in  rear  of  center 


BEPOBT  OF  THE  CHIEF  OF  ORDNANCE.         171 

of  roagh  trannions;  a — a^sdistance  of  center  of  gravity  from  face  of 
breech. 
Then 

W=:108,000pound8.  P=864  pounds.  a=120.2  inches. 

Q^ence  * 

P'= W— P=108,000— 864:=107,136  pounds. 

Now, 

Pa 
W:P::a:d?=^ (1) 

Or  108,000  lbs. :  864  lbs.  ::  120^2 :  iF=0".96l6= distance  of  center  of 

gravity  in  rear  of  axis  of  rough  trunnions. 
And 

a»— a?=120''.2— 0".9616=119".2384=distance  of  center  of  gravity  from 

breech. 
And 

W:P'::a:y=?^* (2) 

or  108,000 :  107,136 ::  120".2  :  y=119''.20y3=di8tance  of  center  of  gravity 

from  face  of  breech. 

Or  a— y=:120'^2— 119.2093=a?'=0".9907=distance  of  center  of  gravity 

of  gun  in  rear  of  axis  of  trunnions. 

These  values  of  a?  show  a  difference  of  0".0291,  which  is  reasonably 
close  considering  the  coarse  means  of  measurement  and  weighing.  The 
lesser  value,  0".964-  was  assumed  to  be  the  distance  that  the  axis  of 
the  trunnions  should  be  moved  to  the  rear.  But  the  diameter  of  rough 
trunnions=16".9;  diameter  of  finished  trunnious= 15'';  difference=l".9; 
J  difterence=".95=:the  greatest  distance  the  trunnion  axis  could  be 
moved  towards  the  rear. 

The  axis  of  the  trunnions  was  then  ordered  to  be  placed  as  far  to  the 
rear  as  the  metal  would  allow,  consistently  with  proper  finishing.  This 
distance  was  found  to  be  only  ''.95  instead  of  ".96  as  required  by  calcu- 
lation.   This  places  the  axis  of  the  trunnions  at  119.25  from  the  breech. 

RECAPITULATION. 

Distance  of  center  of  gravity  from  muzzle  of  piece  as  determined. 

Inches. 

1.  By  calcnlation,  as  per  drawing =2:^9. 8 

2.  By  balancing  wooclen  model  ^  size '. =240. 0 

3.  By  balancing  gun  and  subsequent  computation =240. 76 

4.  Actual  position  of  trunnions =240. 75 

REMARKS. 

The  greater  part  of  the  measurements  upon  this  gun  were  made  by 
Lieut.  H.  D.  Borup,  Ordnance  Department,  U.  »S.  A.,  Assistant  In- 
spector of  Ordnance  at  this  foundry,  who  has  also  rendered  valuable 
assistance  in  the  preparation  of  this  report. 
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Table  VI. — Record  of  measurements  with  star  gauge  of  12-inch  cast-iron  B.  L,  rtfie. 


1 1" 

diameter  < 

• 

73 

■** 
a 

C 
*-* 
»-« 

[)f  bore. 

• 

x: 
> 

Diameter  of  rifling. 

1 

mm 

B 

i 

*  i 

X 

Diameter  of  bore 

• 

1  '  1 

w         > 

Diameter  of  rifling. 

©  t 

"    mm 

*»  c 

c 

/^ 

Dl 

Ameter  of  bore. 

Q 

Distance 
mazzlc. 

• 

■E 
c 

1 

9 

e 

m 

5 

In.     1 

^nches. 

Inches. 

Inches. 

In. 

1 

Inches.  •  , 

inches. 

1 
Inches. 

In. 

Inches. 

Inches. 

Inches. 

1     1 

2. 001       ] 

[1.999 

12. 

120 

74 

11.999    M 

L2. 014 

12,] 

118 

147 

12.000 

12.001 

12.110 

2     1 

2.001        ] 

11.999 

12. 

120 

75 

11. 

999       ] 

L2.013 

12. 

118 

ne 

12. 

000 

12.001 

12.110 

3     1 

2. 001       ] 

11.999 

12. 

120 

76 

12. 

000       1 

L2.011 

12. 1 

118 

149 

12. 

000 

12.000 

12.110 

4     1 

2. 001       ] 

11.  999 

12. 

119 

77 

12. 

000       ] 

L2.007 

12.] 

118 

150 

12. 

000 

12.001 

12.1195 

5     1 

2. 002       ] 

11.999 

12. 

119 

78 

12. 

000       ] 

12.011 

12.] 

1185 

151 

12. 

000 

12,  OOI 

12.1105 

6     1 

2.001       1 

11.999 

12. 

120 

79 

12. 

000       ] 

12.009 

12.] 

118 

152 

12. 

000 

12. 001 

12.118 

7     1 

2.001       ] 

LI.  999 

12. 

120 

80 

12. 

000     ,  ] 

12.  009 

12.] 

118 

153 

11. 

9S»9 

12.001 

12.118 

8     1 

2. 002       ] 

11.999 

12. 

119 

81 

12. 

W)0       ] 

12.  009 

12.  ] 

118 

154 

11. 

(MO 

12.  000 

12.118 

9     1 

2. 002       ] 

ll.9!»9 

12, 

119 

82 

12. 

000       ] 

12. 009 

12.] 

L18 

155 

12. 

000 

12  001 

12.118 

10     1 

2. 001        ] 

11.999 

12. 

119 

83 

12. 

OiiO       ] 

12.  009 

12.1 

118 

l.Vi 

12. 

000 

12.001 

12.118 

11     1 

2.001        ] 

11.999 

12, 

119 

84 

12. 

000       1 

12.  0(»9 

12. 

L18 

157 

12. 

000 

12.001 

12.118 

12     1 

2. 000       ] 

1.9SW 

12. 

120 

85 

12. 

000       ] 

12.  (.08 

1-2.] 

117 

158 

11. 

999 

1 1.  999 

12.110 

13     1 

1.999        1 

11.998 

12. 

120 

86 

12. 

001       ] 

12.  <Hi8 

12.1 

118 

159 

11. 

999 

11.999 

12.119 

14     1 

1.999       1 

11.998 

12. 

120 

87 

12. 

001       ] 

12.007 

12.1 

118    , 

160 

11. 

999 

11.999 

12.120 

ir>    1 

1. 999       ] 

1.9!)8 

12. 

120 

88 

12. 

001        1 

12.  (H)6 

12.1 

118 

161 

12. 

000 

11.999 

12.121 

IG     1 

1.999       1 

11.998 

12. 

120 

89 

11. 

998       ] 

12.013 

12,] 

119 

162 

12. 

000 

11.999 

1^110 

17     1 

1.999       ] 

11.998 

12. 

119 

90 

11. 

99t)       ] 

12.013 

12.1 

118 

!&{ 

12, 

000 

ll.!)98 

12.120 

18      1 

1.999       1 

1.998 

12. 

119 

91 

11. 

9i»9       ] 

11.999 

12.1 

118 

164 

12. 

000 

11.998 

12.190 

19     1 

2. 000        ] 

1.1>98 

12. 

119 

92 

11. 

998       1 

11.998 

12.1 

118 

165 

12. 

000 

11.  999 

12.110 

20     1 

1.998       1 

11.998 

12. 

119 

93 

11. 

J»99     '  1 

Ll.i»98 

12. 1 

118 

166 

11. 

999 

11.998 

12.118 

21      1 

2.  WiO       ] 

1.998 

12. 

119 

94 

11. 

999       ] 

11.1»98 

12.1 

118 

167 

12, 

001 

11.908 

12.118 

22     1 

2.  IKK)       1 

11.1W9 

12. 

119 

95 

12. 

000       ] 

12.  000 

12.1 

118 

168 

12. 

001 

11.980 

12.118 

23     1 

2.000       ] 

11.999 

12. 

119 

96 

12. 

IK»0        ] 

12.  iH)0 

lil 

118 

169 

12, 

001 

12.001 

12.118 

24     1 

2.000       1 

11.999 

12. 

120 

97 

11. 

J»99        ] 

12.  000 

12.1 

118 

170 

12. 

001 

12.001 

12.118 

25     1 

1.999     .  ] 

11.999 

12. 

121 

98 

11. 

999       ] 

ll.!>99 

12.1 

119 

171 

12. 

000 

12,000 

12.119 

26     1 

1.998       1 

11.91H) 

12. 

120 

•  99 

11. 

998       1 

11.999 

12.1 

119 

172 

1*2.000 

12.001 

12.119 

27     1 

1.998       1 

11.999 

12. 

120 

1(H) 

11. 

998     '  1 

11.9}>9 

12.1 

1185 

173 

12.001 

12.001 

111» 

28     1 

l.l»98        ] 

12.000 

12. 

120 

101 

11. 

998       ] 

11.999 

12.1 

119     ' 

174 

12 

000 

12.002 

12.120 

29     1 

1.998       ] 

12. 002 

12. 

1«8 

102 

11. 

9985     ] 

11.999 

12. 1 

119    ' 

175 

11. 

1>995 

12.002 

11  in 

30     1 

1.998       ] 

12.  002 

12. 

118 

103 

11. 

908        ] 

11.999 

12.1 

119    . 

176 

12. 

000 

12.001 

12.121 

31      1 

1.998       ] 

12.  002 

12. 

118 

104 

11. 

998        1 

11.999 

12.1 

119    : 

177 

12.000 

12.002 

12.121 

32     1 

1.998       ] 

12.  002 

12. 

118 

105 

11. 

998     '  1 

11.999 

12. 1 

120  ; 

178 

12, 

(K)0 

12.002 

12.120 
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RECORD  or  CASTlNa. 

belleddnwn&t  lla.  lu.                                  '  WsTer  shur  off,  May  g.st  10  k.  ui. 

tiiuB  of  meltiuK.  <f  hours.                                   Core-barrel  rt-moved  at  ll.^tO  a.  tn. 

Time  io  fusion,  5h.  ^lu.                                     Water  fDlered  gun  at  IS  m. 

Odd  oaat  at  i.SJ  p.  m.                                          Rale  of  water  per  mimite,  40  Kallou. 

Time  occupied  in  caatJDK,  23  mmnteH.            Temperature  of  water  entering  goq 

Tempernture  of  water  entering  core-bar-         degrees. 

Teni)ieratnreofwat«r  leaving  core  barrel,  j      grees. 

tm  degrees.                                                       1  Rale  of  water  changed,  Uay  12,  at  9  i. 

Rate  of  water  per  minute.  40  gallonH.          \      to  r>  gallons. 

Fire  kindled  in  pit,  Ma;  6,  5.30  p.  ni.            .  Tot^l  time  in  oooliog  gun,  l^  hoat% 

Fire  in  pit  went  ont.  Ma;  7,  11.3(1  p.  m. 

COOLIHO  TABLES. 

1 

i 

1 

1 

71) 

I 

<1       »T       'b1 

73 

[ 

101 

i 

41 

1 

1 

1 

J 

M 

J4l 

^ 

a 

gg      21 

*« 

..    ..    ffi       8«          83 

SO 

s 

» 

119      attH 

I      ftfl    139 

4} 

IIB     1  «       8«     '     R3 

T-J 

■i 

m  <  s* 

i«t 

112        G4       fW 

DO 

1T4 

«  ;  no       05      84 

ss 

lis 

M    a 

4(1      IW        M        83 

ao 

M        IIA         «f 

«i     iT 

47 

107       B7        B3 

«8( 

1UT 

58 

1S7 

80       Sd 

M 

•* 

SS 

IW 

U       14S        «T 

M  ,-a 

109     1  B9       W 

w 

071 

im 

u     1(0      n 

10 

74    1    M 

101     1  70  ;     79 

M 

w[ 

68 

3m 

g  !s  a 

11 

70     \81 

n    ;    51 

W     .  71  ,     78 

Bl 

« 

u 

lai 

70     |S2 

08     ,73        771 

«5t 

1^ 

U       1!>2        M 

IS 

70    1  BJ 

71  ;  U 

ooi  ,  tbI    77 

H 

«a 

11 

70    IM 

Oi^  1  74  ,     7« 

M 

44 

TO     '     6S 

43t 

S8 

m 

ia 

7B  |as 

70    1    M 

M 

118 

IM 

IT 

Til     IST 

70     1     .17 

«S 

117 

OB     1  1.17     1     3 

B9          S» 

01     .7»\     74 

M 

83 

11« 

frTl 

i,« 

o)    lu    ST 

m  ■  3» 

SO        E> 

W    ;  70  1    731 

H 

<ll 

110 

571 

lU 

aa     iMi     « 

18     «)     «6      eo 

•1 

ISO 

an  '-n: 

1 

•Hol.ledMn.u'twr. 

MECMAXrCAL  TESTS 

(See  p.  484  Report  of  Oiitif  of  Urduautu^,  U.  S.  A.,  for  1884.  aud  ( 
of  tbis  report.) 

TENSILSSTEKNGTE. 

(8ee  abov(<  remark.) 

INITIAL  TES810S, 

Erterinr    Interior     Thl.ln.«« 
or  ring,      ofrtag,       »'•*■>« 

tnc 
nnunr 

2^ 

1 

IniJ^,.       hUu,.          JiuAm. 

/»k. 

Imka 

/ncA 

^ 

Branh ST.IS   3 

mM4*i         .nWMMll 

80.  Bra        .DOdia 

«"""- «■"!    "^"1          > 

nr 

1 

•  From  dita  ({irrn  bj-  lonR  ipKlmeti  Ukui  tnm  hrt«h  rind.                          ■ 

qulnd  by  the  coDtncl.  w  fur  M  it  pnvidM  (or  iupntioiu  M  Mery  mtate  nf  tl 

1 

1 

roNs. 


i    ■    i 


J-  .i-._.,i  „l,„L.i-- 


Appendix  25. 


CONSTRUCTION  REPORT  OF  THE  12-INCH  CAST-IRON  RIFLED  MORTAR, 

HOOPED  WITH  STEEL, 

By  Capt.  D.  a.  Lyle  and  Lieut.  H.  D.  Borup,  Ordnance  Department. 

(5  plates.) 

TIME  EMPLOYED. 

The  cast-iron  body  for  this  mortar  was  contracted  for  under  date  of 
September  24, 1883.  The  mortar  was  finished,  fitted,  assembled,  rified, 
and  vented  under  a  contract  dated  June  28,  1884,  and  was  ready  for 
shipment  November  29,  1884.  Thus,  it  was  1  year,  2  months,  and  5 
days  from  the  date  of  the  first  contract  until  the  finished  product  was 
ready  for  shipment. 

The  time  required  would  have  been  less  had  it  not  been  for  the  delay 
necessary  to  obtain  a  proper  grade  of  iron  and  to  make  experimental 
mixtures  tor  trial  cylinders. 

DESORIPTION. 

This  mortar  consists  of  a  cast-iron  body  with  the  reinforce  encircled 
and  compressed  by  two  rows  of  steel  hoops. 

THE  CAST-IRON  BODY. 

The  body  is  divided  into  the  breech,  reinforce,  shoulder,  chase,  and 
bore. 

The  breech  is  sphero-segmental  with  a  radius  of  34.5  inches.  Its  sur- 
face is  joined  to  that  of  the  reinforce  by  a  surface  whose  radius  of  cur- 
vature is  4.5  inches. 

The  reinforce  is  cylindrical  and  extends  trom  the  breech  to  the  shoulder 
in  front. 

The  shoulder  is  cylindrical  and  of  larger  diameter  than  the  reinforce^ 
to  which  it  is  connected  in  rear  by  a  curved  surface  whose  radius  is  0.25 
of  an  inch. 

The  chase  is  a  frustum  of  a  cone. 

The  bore  is  cylindrical  with  a  cylindroelliptical  chamber. 

THE  STEEL  HOOPS. 

These  are  14  in  number,  consisting  of  13  cylindrical  or  common  hoops 
made  of  Midvale  steel,  and  one  trunnion  ring  or  hoop  made  of  Whit- 
worth  steel.    They  are  arranged  in  two  rows  or  layers,  as  follows : 

First,  or  inside  row,  eight  hoops,  viz :  A]  As  A3  A4  A^  Ae  A7  Ag. 

Second,  or  outside  row,  six  hoops,  viz:  Bi  B2  (trunnion)  B3  B4  B5  Be. 

Bows  A  and  B  are  both  numbered  from  the  front. 
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176         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

ALLOWED   VARIATIONS. 

From  prescribed  diameters: 

In  tumicg 0.003 

In  boring 0.  OOS 

From  parallelism  of  ends » 0.003 

For  eccentricity 0. 003 

For  conicaluess 0. 003 

From  absolute  shrinkage : 

Between  cast-i)ron  body  and  inner  row  of  h  ^ops !<  q  '  ^^ 

Between  the  two  rows  of  hoops ^ <  ,q  '^^^ 

For  finishing  cut  on  bore ». <  *'n  'qqq 

For  finishing  exterior  of  row  B - -|- 0".0t 

Depths  of  rifling : 

Maximum 

Minimum 0.050 

Joints  or  spaces  between  hoop,  snot  prescribed. 

PRINCIPAL  DIMENSIONS. 

Total  length  of  mortar Inches. .  127. 45 

Length  ot  rifled  ])ortion  of  bore do'....  92 

Length  of  chamber do...^  19. 2S 

Total  length  of  bore do 111.2S 

Diameter  of  bore do 11.998 

Diameter  of  chamber do 11.848 

Thickness  of  metal  at  breech do ... .  16.2 

Body- 
Reinforce  :  ' 

Length  nnder  hoops  of  row  A do....  OSwTS 

Length  under  hoops  of  row  B  ..^ do....  54.75 

Diameter  before  hooping  (approximate) do....  ^31.08 

Shoulder — 

Length do....  4 

Diameterm do 32.58 

Chase — 

Length do 49. 5 

Diameter  rear  base do....  32.58 

Diameter  front  base  (muzzle) do 22.54 

STEEL  HOOPS. 

Row  A  (inside  row): 

Number  of 8 

Total  length  of  hoops Inches..  65.75 

Diameter  of  hoops — 

Interior do t30.99 

Exterior  (except  Ai) do 135.93 

Thickness do....  t2.6 

Hoop  Ai: 

Diameter  exterior do t37.1 

Thickness do t3w06 

Row  B  (outside  row): 

Number  of 6 

Total  length  of  hoops Inches..  54.75 

Diameter  of  hoops — 

Interior do....  t35.89 

Exterior  (except  Bs) do t4L50 

Thickness do....  t2.8 

Trunnion  hoop  (Bj): 

Length do....  tl4.60 

Diameter — 

Interior do....  t35.89 

Exterior do t42L4i 

Thickness do....  ^2B 


• 


The  diameter  of  cast-iron  body  varies  for  the  different  zones  under  the 
t  Approximate. 
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[The  rising  is  polygroove,  having  an  «qua1  numbrr  of  Innds  and  grooref,  c 
^e  twist  flnt  increaaing  and  then  anifurin  to  the  muzzle. 


Length , -inches..       fi 

Diameter do 11.99 

Distance  from  tmDnioni  tomnszlB do 74.  Si! 

^■Tbei 
^Betwi 

^B     Width inches..     0.6425 

^H     Depth do...,    0.U595 

^H     Width  oflanda do 3 

^B     Badlnsof  fillet,  battom  of  lands do OS 

^K^     Landa  roonded  with  radiua  of do 01 

^^wist: 

Inoreasinfi;  at  oriein.onetnra  in  lOOoaliben;  at 3.5 inohes  from  muzzle, 
1  tnm  in  35  calflierH 

Unifonu :  at  3.5  inchoH  from  luuizle,  1  turn  in  35  calibers ;  at  muzzle,  1 
a  ip  35  calibera  . 


Total  length  of  riHnd  portioD  of  hore ioohes.- 

■^JjBDgth  of  bore  having  increasing  twist ..do... 

■^liCDgth  of  bore  having  uniform  twist do 


■    Tota 

^H  The  vent  (0.2  inch  in  diameter)  has  a  copper  bashing,  with  a  cyl- 
^Radrical  body  1  inch  in  diauiet«r,  terminating  atone  end  in  a  screw  of 
^*o  threads  per  inch,  .98  inch  in  diameter  for  2.875  inches  of  its  length, 
At  the  other  end  is  a  head  0.75  inch  long,  whose  lower  cylindrical  por- 
tion (1.5  inches  in  diameter)  is  flush  with  the  highest  part  of  the  hoop, 
while  the  projecting  portion  is  hexagonal,  to  facilitate  its  removal,  when 
necessary,  by  means  of  a  wrench.    The  lower  end  of  the  veut-bushiug 
■ilt  shaped  to  the  curve  of  the  surface  of  the  chamber. 


POSITION   OF    VKMT. 

Dlstanoefrom  bottom  of  chamber inches..     4.95 

Dlalance  to  left  of  vertical  plane  through  aiia do...     3 


r 


This  mortar  is  marked  upon  the  face  with  the  following  letters  and 
characters  placed  in  a  circle  concentric  with  the  bore,  viz:  "12-In. — S, 
B.  I.  W.— 1884.— D.  A.  L.— Wt.  30330  lbs." 

FABRICATION. 


The  contract  provides  that "  all  these  [four  other  castings  are  included 
in  provision]  castings  shall  be  made  hollow  and  be  cooteil  IVom  the  in- 
terior (except  as  hereinafter  provided  for)  by  a  current  of  air  or  water, 
the  estertor  at  the  same  time  being  bept  hot  either  by  a  fire  built  around 
the  flask  within  the  casting  pit,  or  by  dlling  the  space  between  the  flask 
and  the  pit-walls  with  some  suitable  non-condncting  material,  as  may 
be  desire4l  by  the  United  States.  Specimens  of  the  metal  taken  from 
the  lower  end  of  the  sinking  heads  shall  in  each  have  an  ultimate  tenae- 
I  4625  OED 12 
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ity  of  uot  less  than  30,000 pouDds  nor  more  than  37,000  pounds  per  square 
inch.  The  exterior  dimensions  of  the  roagh  castings  shall  be  saoh  as 
to  allow  the  finishing  of  the  guns  to  accurately  conform  to  the  dimen- 
sions given  in  the  drawings  hereto  attached,  and  also  to  assure  a  uni- 
form surface  when  finished  ;  and  the  castings  shall  be  sound,  free  fh>m 
cavities,  soft  spots,  and  flaws." 

In  addition  to  these  general  specifications,  the  following  pertain  es- 
pecially to  the  body  for  the  12-inch  mortar: 

"  The  casting  for  the  body  for  the  twelve  (12)  inch  mortar  shall  be 
made  breech  down,  and,  inclusive  of  the  sinking  head,  shall  be  nearly 
cylindrical — the  exterior  diameter  at  no  place  being  less  than  at  the 
breech — the  total  length  exclusive  of  the  sinking  head  being  great 
enough  to  allow  for  a  cylinder  eighteen  (18)  inches  long,  to  t^  taken 
from  next  the  muzzle.  The  weight  of  the  sinking  head  shall  be  at 
least  one-sixth  (^)  of  the  total  weight  of  the  rough  gun  casting  and 
cylinder.  The  part  of  the  casting  to  which  steel  hoops  are  to  be  ap- 
plied shall  be  turned  to  within  four-tenths  ('^)  of  an  inch  of  the  fin- 
ished diameter ;  the  remainder  of  the  exterior  shall  be  finished  turned." 

TRIAL  CYLINDER. 

The  contract  specified  that  ^^  the  cast-iron  used  for  these  guns  [fonr 
others  were  included  in  same  contract]  shall  be  of  charcoal  pig,  and  of  the 
standard  quality  prescribed  by  the  Ordnance  Department  for  the  man- 
ufacture of  heavy  guns,  the  kinds  and  proportions  of  pig  metal  to  be 
about  the  same  as  shall  be  employed  in  a  trial  cylinder  of  the  usual  form 
and  dimensions  employed  by  the  Ordnance  Department  for  this  pur* 
pose  (see  drawing  attached),  to  be  previously  cast  by  the  party  of  the 
first  part  (the  S.  B.  1.  W.)  ♦  ♦  ♦  ♦  Specimens  from  each  cylinder 
to  show  an  elastic  limit  of  about  11,000  pounds  per  square  iuch,  and  an 
ultimate  tenacity  of  not  less  than  30,000  nor  more  than  37,000  poands 
per  square  inch.'' 

Several  small  cylinders  wcAre  cast  as  a  preliminary  to  casting  the  trial 
cylinder,  in  order  to  experiment  on  different  mixtures  of  pig-iron,  and 
procure  such  mixture  as  would  fulfill  the  requirements  of  the  contract. 

Four  standard  trial  cylinders  were  cast  before  the  company  were  sat- 
isfied to  submit  one  to  the  Department  for  testing. 

The  third  cylinder  cast  was  selected  by  the  S.  B.  I.  Works  as  the  one 
most  likely  to  possess  the  required  qualities,  and  was  turned  over  to 
the  Government  for  testing.  This  cylinder  was  cut  up  and  tested  at 
Watertown  Arsenal,  except  the  tenacity  specimens  given  in  the  appendix 
to  this  report. 

DIMENSIONS  OF  TRIAL  CTLINDKR. 

Tnolrn 

Length .....SO 

Cro8«-8ection — ellipse : 

Transverse  axis ,94 

Conjugate H^5 

The  mortar  was  not  cast  until  March  1, 1884,  the  intervening^  time 
(five  months  and  seven  days  from  date  of  contract)  being  taken  np  in 
experimenting  on  proper  mixtures  of  iron,  endeavoring  to  procure  proper 
quality  of  pigiron,  and  in  cutting  up  and  testing  the  specimens  ftoa 
the  trial  cylinders,  and  submitting  the  results  to  the  Department  for  tts 
action.  ^ 

For  furnace  charges,  cooling-table,  and  details  of  casting,  see  appendix. 
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THE  BXPERIMENTAL  CYLINDER. 

An  experimental  cylinder  and  initial  tension  ring  were  cut  from  the 
muzzle  end  of  the  casting.  The  initial  tension  ring  was  cut  for  initial 
tension,  und  then  had  the  necessary  specimens  taken  from  it  for  testing. 

The  object  of  experiments  on  this  cylimler  was  to  ascertain  the  be- 
havior ot  the  cas-tiron  and  steel  hooi)s  under  the  calculated  shrinkages, 
and  learn  what  modifications  would  be  necessary  in  the  application  of 
the  hoops  to  the  cast-iron  moi  tar  body.  A  separate  report  of  these 
experiments  will  be  forwarded  as  soon  as  it  is  com[)leted. 

The  mortar  body  was  ready  for  the  reception  of  the  hoops  on  April 
19,  except  the  finishing  cut  ui)on  the  exterior  zones  under  the  hoops, 
which  could  not  be  taken  until  the  hoops  were  finished  and  the  shrink- 
ages determined. 

HOOPING. 
CONTRACT  8PKCIFICATION8. 

In  regard  to  the  hooping,  the  contract  of  June  28, 1884,  specified  that 
"the  hoops  will  be  applied  to  the  cast-iron  body  in  a  horizontal  posi- 
tion, and  for  this  operation  the  party  of  the  first  part  must  supply  a 
suitable  press  to  keep  the  joints  between  hoops  accurately  closed  while 
the  applied  hooj)  is  cooling,  and  a  circular  sprinkling  arrangement  to 
hasten  the  cooling  slightly  at  the  (front)  end  of  the  hoop.  The  heating 
of  the  hoops  for  shrinking  will  be  so  conducted  as  to  insure  a  uniform 
and  not  excessive  temperature — just  sufficient  to  allow  the  hoops  to  be 
slipped  into  i)lace.  During  hooping  a  current  of  cold  water  will  be  cir- 
culated through  the  bore. 

INSTRUCTIONS  OF  THE  CHIEF  OF  ORDNANCE,  U.  S.  ARMY,  REGARDING 

THE  HOOPING. 

''The  diameter  for  the  inner  row  of  hoops  to  be  31  inches  and  for  the 
outer  row  35.9  inches.  The  work  must  conform  to  the  prescribed  dimen- 
sions to  within  the  variations  allowed  by  the  contract.  As  regards  the 
resi)ective  lengths  of  the  hoops,  slight  variations  from  the  i)rescribed 
lengths  are  allowable,  provided  that  the  sum  of  the  lengths  shall  equal 
the  length  of  the  part  to  be  hooped.  The  distinctive  mark  of  each  hoop, 
as  A|,  A2,  Bi,  &c.,  should  be  i)reserved,  and  when  turning  for  the  pre- 
scribed shrinkages  the  part  to  be  hooped  will  be  divided  into  zones, 
and  each  zone  be  turned  with  special  reference  to  the  hoop  correspond- 
ing to  it,  observing  the  order  of  the  hoops  shown  in  the  drawing.*'' 

MEASUREMENTS  OF  HOOPS. 

After  "facing''  the  ends  of  each  hoop  to  bring  it  to  the  required 
length,  with  the  planes  of  the  faces  parallel,  and  turning  the  interior 
surface,  the  hoops  were  ready  for  the  first  measurement.  The  first  step 
was  to  mark  and  number  four  diameters  45°  apart  upon  one  end,  which 
was  designated  throughout  the  work  as  *'  the  face." 

The  lengths  of  the  hoop  were  measured  both  on  the  interior  and  ex- 
terior at  the  points  where  these  diameters  intersected  the  interior  and 
exterior  circumferences  of  the  hoop. 

The  interior  diameters  were  measured  in  the  planes  of  the  rectilinear 
elements,  cut  out  by  the  series  of  planes  passing  through  the  axis  and 
the  four  diameters  marked  consecutively,  as  above  stated. 

*  Official  copy  of  blae  print  of  12-inoh  M.  L.  R.  mortar,  dated  March  15, 18S4. 
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The  four  rectilinear  elements  corresponding  to  the  marked  ends  of 
the  four  diameters  were  outlined  on  the  interior  surface  of  the  hoop  by 
means  of  a  try-square  and  scratchawl,  and  then  chalked.  On  each  of 
these'chalked  elements  a  series  of  points  were  marked  with  pencil,  as 
follows:  At  0.1  inch  from  each  end,  and  at  intervals  of  1  inch  from  the 
0.1  inch  point  next  to  the  marked  face.  The  last  interval,  or  longitudinal 
space,  was  generally  greater  than  one  (1)  inch,  as  the  1-inch  space  would 
bring  it  quite  close  to  the  point  0.1  inch  from  the  bottom. 

The  zones  on  the  exterior  of  the  mortar  body,  and  on  the  exterior  of 
row  A,  were  finished,  turned  after  their  corresponding  hoops  had  been 
bored  or  turned  on  the  interior  and  measured. 

The  measured  interior  diameters  of  the  hoops  and  the  calculated 
shrinkages  form  the  data  for  turning  the  exterior  surfaces  or  zones. 

Four  diameters  and  four  rectilineal  elements  were  similarly  outlined 
and  markeil  upon  the  exterior  of  the  body,  and  first  row  of  hooping 
(Row  A),  to  indicate  the  planes  of  measurement. 

The  lengths  of  the  hoops  were  measured  with  vernier  beam-calipers. 
The  lengths  of  the  zones  on  the  mortar  body  and  exterior  of  Bow  A 
were  measured  with  a  Brown  &  Sharpe  scale. 

The  interiordiameters  of  the  hoops  were  measured  with  a^ustable 
"points.'' 

These  points  are  steel  wires  surrounded  by  a  wooden  body,  to  prevent 
the  heat  of  the  hand  from  expanding  the  metal.  One  end  is  movable, 
and  can  be  screwed  in  or  out  with  a  pin- wrench.  The  lengths  of  these 
"points"  were  determined  after  each  measurement  by  means  of  the 
vernier  beam-calipers  a^lopted  as  the  arbitrary  standard  to  which  all 
measurements  were  referred. 

The  exterior  diameters  of  all  zones  or  hoops  were  measured  by  the 
diameter  calipers  furnished  from  Frankford  Arsenal  which  are  sensitive 
to  .001  inch,  and  may  be  readily  estimated  to  .0006  inch. 

(See  diagram  opposite.) 

LIST  OF  MEASUREMENTS  REQUIRED  BY  THE  OPERATIONS  OP  HOOPINO. 

CAST-IRON  BODY  12-lNCH  M.  L.  R.  MORTAR. 

Bore. — Horizontal  and  vertical  diameters  should  be  measured  at  the  front  end, 
middle,  and  rear  end  of  each  hoop.  [These  measurements  should  extend  from  the 
bottom  of  the  bore  to  a  point  in  front  of  the  hoops  where  no  further  compression  of 
the  bore  will  take  place  (in  this  case  about  5  inches).  ] 

These  measurements  should  be  made  with  the  star  gauge  as  follows: 

(1)  After  boring  to  11.95. 

(2)  Alter  application  of  Row  A. 

(3)  After  turning  exterior  of  Row  A  (not  done  in  this  instance). 

(4)  After  application  of  Row  B. 

(5)  After  turning  exterior  of  Row  B. 

(6)  After  finish  boring  to  12  inches. 

(7)  After  rifling:  (a)  Across  lands;  (b)  across  grooves. 

Exterior, — Zones  corresponding  to  each  hoop  (measured  with  Frankford  diftmeter 
calipers). 

(8)  Four  diameters  45^  apart  in  each  right  section;  (a)  for  section  0.1  inch  ftom 
each  end  of  zone;  (b)  for  sections  1  inch  apart  throughout  zone,  beginning  at  %  point 
corresponding  to  0.1  inch  from  marked  face  of  hoop. 

^  HOOPS. 

Each  hoop  before  application, 

(9)  Length  (width)  on  exterior  at  ends  of  4  diameters,  45^  apart,  with  vernier  eali- 
"pen. 

(10)  Length  (width)  on  interior  at  ends  of  4  diameters,  45^  apart,  with  vernier  emli* 
pers. 


PLAN. 


SECTION  AND  ELEVATION. 
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(11)  Parallelism  of  faoes  at  ends  of  4  diameters,  45°  apart  (straight  edge,  try- 
sqaare,  and  above  measnrements  are  ased  to  determine  parallelism). 

(12)  Interior  diameters,  four,  45°  apart  for  each  transverse  section  (adjustable  roda 
and  vernier  calipers).  QH()i;t 

(a)  At  0.1  inch  from  each  face  (adjustable  rods  and  vernier  calipers). 

(b)  At  1  inch  apart  throughout  whole  length  of  hoop  (adjustable  rods  and  vernier 
calipers). 

After  appltoaHan  Bow  A, 

(13)  Spaces  between  hoops  equal  opening  of  joints  at  top  and  bottom  (standard 
brass  slips  used). 

(14)  Length  of  row  of  hooping,  top,  bottom,  and  sides  (steel  scale). 

Exterior  diameter-xoneB  of  Bow  A  corresponding  to  each  hoop  of  Bow  B, 

(15)  After  turning  exterior  Row  A  to  proper  zones  for  Row  B. 

(a)  At  0.1  inch  from  each  end  of  zone  (vernier  calipers). 

(b)  At  1  inch  apart  throughout  zone  (vernier  calipers). 
Row  B  (16,  17,  18,)  same  as  13,  14,  15,  for  Row  A. 

NUMBER  OF  MEASUREMENTS. 


Hoops :  Row  A, 


Hoop. 

Length. 

Interior 
diameters. 

Mortar  sones 
under— 

Length. 

Exterior 
diameters. 

Ai 

16 

28 

Ai 

28 

As 

16 

36 

At 

86 

At 

16 

86 

At 

86 

A4 

16 

86 

A4 

86 

As 

16 

82 

As 

82 

A6 

16 

86 

As 

86 

At 

16 

86 

Ar 

86 

As 

16 

86 

As 

36 

Hoops:  Boto  ^, 


Correspond* 

ing  zones 

i 

of  row   A, 

Bi 

16 

32 

nnder — 

82 

B, 

Bs(tmnnion) 

16 

60 

b; 

60 

Bt 

16 

86 

Bs 

86 

B« 

16 

86 

Bs 

86 

Bs 

16 

86 

Bs 

86 

«• 

16 

86 

Bs 

86 

1       Soma .... 

224 

512 

56        1         512 

.............. 

Total.... 

1,804 

1 

1 

Number  of 
measurements. 

From  above  table 1,304 

Length  of  hooped  surface  : 

Row  A,  at  4  points,  90^  apart 4 

Row  B,  on  top  and  bottom 2 

Spaces  between  hoops : 

Row  A,  at  4  points,  90°  apart 32 

Row  B,  at  4  points,  90°  apart 24 

Extra  Star-gauge  measurements  of  diameters  rendered  necessary  by  hooping..  192 

Grand  total - 1,558 

N.  B. — These  meamuementB  are  exclusive  of  those  usually  taken  on  guns  of  same 
form.    The  latter  meatiiTements  are  inserted  in  the  inspection  report,  as  usual. 
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Nufkber  of  men  required  for  ikrinldng  hoope  on  12-iiidk  M.  L,  R.  mortar. 

Foreman  in  charge  of  men 

Taking  temperatures  of  water  in  bore  and  reading  gaa-meter 

To  adjust  hoop,  tend  heater,  and  adjust  pressure  collar S 

To  tend  eas  and  blast  cocks  and  manage  hoisting  apparatus 

To  tend  the  hydraulic  jack  and  apply  the  pressure 

To  handle  the  water  ring— one  on  top  of  the  mortar  and  one  on  each  side 3 

To  note  the  time  and  superintend  the  various  operations  of  the  hooping 

To  record  all  data,  make  not-es,  and  verify  the  lengths  of  the  maximum  and  mini- 
mum wires  used  for  measuring  the  expansion  of  the  hoops 

Total  number  of  men  required..... 1 

[Note. — The  functions  of  the  last  two  men  were  performed  by  the  inspectors.] 

APPARATUS  FOR  HOOPING. 

[  Plates  II-V.  ] 

The  general  arrangement  of  the  apparatus  for  hooping  is  shown  in 
Plates  I  and  II.  Plate  I  gives  a  side  elevation,  and  Plate  II  a  plan  and 
partial  horizontal  section,  of  the  mortar  and  apparatus  at  the  instant 
when  the  last  hoop  of  row  B  was  in  position  on  the  piece,  and  jast  before 
the  adjustment  of  the  water-ring  for  cooling  the  hoop. 
!^The  mortar  was  placed  upon  a  wooden  cnulle  with  the  muzzle  resting 
in  a  transom,  to  which  it  was  attached  by  an  iron  strap.  A  bolster  was 
placed  under  it  near  the  cylindrical  shoulder  at  the  rear  end  of  the  chase, 
and  the  rear  end  of  the  mortar  was  supported  by  a  screw-jack  placed 
under  the  turning  tenon.  This  jack  was  removed  by  dragging  to  one 
side  while  the  hoop  and  pressure-collar  were  being  paMed  over  the 
piece ;  but  was  replaced  immediately  thereafter. 

The  device  for  cooling  the  bore  is  made  of  iron  in  two  parts,  conoen- 
trie,  and  so  constructed  as  to  slide  within  each  other  on  an  incline  and 
produce  a  wedging  action  sufiBiciently  great  to  develop  friction  enoagh 
to  retain  the  muzzle-plug  and  support  the  pressure  of  the  water  in  the 
bore.  The  water  enters  through  a  pipe  into  the  chamber  of  the  mnzsle- 
plug,  whence  it  flows  through  the  bore,  and  makes  its  exit  by  means  of 
a  pipe  extending  through  the  muzzle-plug  to  within  a  few  inches  of  the 
bottom  of  the  bore.  The  quantity  of  water  is  regulated  by  suitable  stop- 
cocks. 

The  hydraulic  jack  (power  equal  to  95  to  100  tons)  is  bolted  at  the  base 
to  the  muzzle-plug.  Its  piston  presses  against  a  cross-head,  to  which 
the  longitudinal  tension  bars  for  transmitting  the  pressure  to  the  ooUar 
or  ring  in  rear  of  the  hoop  is  keyed  with  steel  wedges.  The  tension-bais 
have  a  series  of  holes  for  the  insertion  of  the  steel  keys  in  adjusting  the 
lengths  of  the  bars  to  correspond  to  the  positions  of  the  several  hoops. 

The  rear  ends  of  the  tension-bars  are  y-shaped,  so  as  to  engage  the 
slotted  ears  or  pressure-lugs  on  the  sides  of  the  collar. 

The  pressure-collar  is  suspended  by  a  ring-bolt,  to  which  is  fastened  a 
pulley  and  fall  attached  to  a  movable  carriage  on  the  elevated  rail  over- 
head. 

The  hoop  is  similarly  suspended  in  the  heater,  except  that  the  ring- 
bolt is  replaced  by  a  split  ring  of  wrought  iron  for  sustaining  Uie  hoop. 
This  split  sustaining-ring  is  assembled  at  the  top  by  a  bolt  and  key 
passing  through  two  eyes.  As  soon  as  the  hoop  is  in  position  on  the  piece 
this  key  and  bolt  are  knocked  out,  the  ring  opened  and  moved  formud 
to  be  out  of  the  way  of  the  water-ring  during  the  cooling  of  the  hoop. 

As  soon  as  the  gas  is  extinguished  and  the  hoop  is  swung  clear  of  the 
heater  the  latter  is  sh  ifted  to  one  side  on  the  lateral  railway,  shown  in  plan 
in  Plate  III,  to  enable^the  pressure-collar  to  be  brought  up  firom  the  rear. 

The  hoisting  apparatus  is  placed  in  rear  on  a  line  with  the  aads  of  the 
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piece.    The  stop-cocks  which  regulate  the  gas  and  air  blast  are  iilaced 
near  this  apparatus,  so  that  ooe  maa  can  attfnil  to  all  three. 

A  2  inch  rubber  pipe  makes  a  flexible  coaaeetioQ  between  the  air  and 
gEis  pipes  and  the  gos-fnrnace. 

The  gaa  heater  or  furnace,  Plates  II,  III,  IV,  is  made  of  gas-pipe  let 
iuto  a  metallic  nave.  It  resembles  a  wheel,  and  has  28  radial  arms  or 
spokes  of  ga«-pipe — 14  for  the  outside  and  li  for  the  inside  burners — ar- 
ranged so  that  the  burners  alternate  or  break  joints,  as  it  were,  on  the 
exterior  and  interior  of  the  hoop. 

Each  arm  carries  3  burners,  making  a  total  of  84  burners.  The  ai>er- 
ture  of  each  burner  is  elliptical,  0".1875  by0".8125,  {-^^  x  H-)  -*  few- 
burners  with  circular  apertures  were  tried,  but  did  not  prove  so  satis- 
factory as  the  flaring  burners. 

Each  radial  arm  is  made  in  two  parts,  sliding  one  within  the  other, 
for  adjusting  the  burners  to  the  proper  distances  from  the  hoop. 
The  wider  the  hoop  the  more  burners  are  required  on  each  arm. 
The  water-ring  or  sprinkling  apparatus  for  cooling  the  hoops  is  made 
in  two  curvetl  segments  hinged  at  their  upper  ends,  so  as  to  open  and 
a  with  facility.  The  segments  are  arcs  of  a  circle  with  60  inches 
us.  The  front  face  of  each  segmeut  is  fitted  with  19  movable  gas 
ickets  and  burners  placed  4.25  inches  apart,  each  with  a  stopcock, 
e  usual  silicate  tip  of  the  fish-tail  burner  forms  to  nozzle  for  each  jet 
)Dd  producer  a  thin  sheet  of  water.  When  in  action  the  slits  of  these 
pps  are  all  adjusted  to  coincide  with  a  plane  parallel  to  the  plane  of  the 
"Iss-pipe  segments,  and  their  juxtaposition  produces  a  thin  sheet  of  water 
lompletely  encircling  the  hoop,  except  a  small  space  at  the  bottom. 
Lbis  arrangenieut  enables  the  operator  to  cool  any  particular  section 
fthe  hoop  that  he  may  desire.  Even  with  a  full  head  of  water  not 
lore  than  2^  inches  in  length  of  the  hoop  is  cooled  by  this  sheet, 
irbich  spreads  laterally  upon  impact. 

"^  The  only  trouble  is  in  the  loss  of  the  tips,  which  are  occasionally 
'irown  out  by  the  force  of  the  water,  or  broken  by  striking  the  gun  or 
Dopa  in  oscillating  to  and  fro  when  the  whole  surface  of  the  hoop  is 
Biiig  tuMled.  Estra  tips  are  kept  at  hand,  and  it  is  but  the  work  of 
D  instant  to  replace  one  broken  or  lost. 

[  The  water  may  be  let  ou  in  both  segments  or  in  only  one,  and  may 
w  shut  off  ^om  any  particular  jet. 

The  drawings  do  not  show  this  device  in  use.  It  is  hoisted  into  place 
by  the  pulley  and  fall  which  carries  the  suspended  hoop  while  heating, 
a.nd  replaces  the  split  ring  which  encircles  the  hoop,  as  shown  in  Plate 
II,  as  soon  as  the  hoop  is  in  place. 

This  apparatus  was  very  successful  in  its  operation. 


H0.I* 

LcDglborrod.        1 

Hailmnin. 

M"^- 

A| 

A> 

Ai 

t:::::::: 

At 

H.:::::;: 

SI.  laM 
JLIMB 
Bl.  1306 

11.  low 

ILIMS 

SI.  loss 

SI.  MM 

3i!«3a 
3i.n«s 

J 


184 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


The  lengths  of  the  rods  for  Ai,  As,  and  A3  are  governed  by  the  exte- 
rior diameter  of  the  fillet  on  the  mortar  corresponding  to  the  depth  of 
the  groove  accidentall>  cat  in  A3.  Their  proper  lengths,  depending  on 
their  own  diameters,  would  have  been  the  following: 


Hoops. 


Length  of  rod. 


Maximum. 


Minimum. 


ForAi 8L1041!        8L0731 

As 81.1043  I        31.0734 

A* 31.1065  I        31.0745  ', 


LENGTH  OF   EXPANSION-RODS  EMPLOYED  FOR   TESTING  THE  EXPAN- 
SION OP  THE  HOOPS  WHILE   HEATING. 

Bow  B. 


Hoops. 

Length  of  rod. 

Maximum. 

Minimnm. 

Bi 

8&0217 
88.0210 
88.0211 
88.0210 
86.0223 
38.0211 

8&M51 
85w9862 
85.0851 
86.9684 
85.9652 

Bt  (tronnion) . . . 
Bs 

B* 

Bs 

Bi 

METHOD  OP  HOOPING. 

At  this  stage  of  the  fabrication  the  cast-iron  body  for  the  mortar  is 
supposed  to  be  bored  up  to  within  0^^05  of  the  finished  diameter,  and  the 
zones  into  which  the  exterior  surface  is  conceived  to  be  divided  are 
turned  to  their  prescribed  diameters,  including  the  shrinkages. 

The  necessary  measurements  on  the  exterior  and  in  the  bore  have 
also  been  made. 

FIRST  ROW  OP  HOOPS — (ROW  A.) 

Preparntory  work. 

m 

(1.)  Facing  ends  of  hoops  to  make  them  parallel. 

(2.)  Turning  interior  of  hoops. 

(3.)  Measuring  interior  diameters  and  length  of  hoops. 

(4.)  Placing  mortar  on  cradle  in  a  horizontal  position  for  hooping. 

(5.)  Attaching  water  apparatus  for  cooling  bore. 

(6.)  Placing  hydraulic  jack,  tension-bars,  &c.,  in  position  to  hold  hoops 
firmly  in  place  while  cooling. 

(7.)  Suspending  pressure  collar  or  ring  ready  for  use. 

(8.)  Attaching  water  apparatus  for  cooling  hoops  to  rolling  pulley- 
block  ready  for  hoisting. 

(9.)  Placing  and  adjusting  small  railway  for  gas-heater  in  rear  of 
mortar. 

(10.)  Mounting  gas-heater  upon  railway. 

(11.)  Attaching  gas  and  air  blast  pipes  to  heater. 

(12.)  Suspending  and  adjusting  hoop  in  sustaining-ring,  and  attaoh- 
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tng  latter  to  a  rolling  pulley-block  runuiog  on  an  elevated  rail  depend- 
ent from  the  ceiling. 

(13).  Verifying  the  lengths  of  themasimum  and  miniiuam  expansion- 
rods  by  means  of  the  standard  vernier-beam  oalii>ere. 

(14).  Taking  initial  reading  of  gas-meter. 

(15).  Turning  on  water  in  Iwre. 

(16).  Measariug  number  of  gallons  per  minute  that  flows  through 
1  bore. 

(17.)  Taking  temperature  of  water  flowing  from  hydrant. 

OPERATIONS. 

The  mechanical  operations  of  shrinking  on  hoops  may  be  divided  into 
e  stages:  1,  Heating;  2,  Putting  on;  3,  Cooling. 


This  consists  in  suspending  the  hoop  in  the  gas-heater  so  that  the 
wo  circles  of  gas-burners  (one  around  the  interior  and  the  other  around 
ibe  exterior  surface  of  the  hoop)  are  placed  at  a  distance  from  the  sur- 
"lee  of  the  hoop,  varying  from  0".75  to  1".5,  depending  on  the  pressnie 
lof  the  gas,  the  pressure  of  the  blast,  and  the  strength  of  the  currents 
Kof  air  developed  by  the  heating  or  resulting  from  the  wind  pouring 
niiroQgh  cracks,  doors,  &c.,  in  the  foundry.    These  distances  must  be 
kadjnsted  to  suit  the  conditions  present  in  each  individual  ease,  in  order 
mU>  get  the  maximuui  heatiug  eS'ect  per  cubic  foot  of  gas  and  to  secure 
Kuniformity  in  heating.    After  adjusting  the  hoop  in  the  heater,  the  gas 
1b  tamed  on  and  lighted.    The  blast  is  tnrued  on  immediately  and  ad- 
lasted  without  delay.    Aiter  beating  a  pmper  length  of  time,  deter- 
Biued  approximately  by  the  previoua  trials  with  the  experimental  eyl- 
ioder,  the  degree  of  expansion  is  tested  with  the  minimum  rod.    To  do 
'bis,  the  hoop  is  swung  forward  clear  of  the  gas-jets  and  one  end  of  the 
od  placed  just  within  the  edge  at  the  bottx>ra  (as  it  hangs)  of  the  hoop, 
tod  then  the  upper  end  is  passed  back  and  forth  parallel  to  the  face  of 
'  e  hoop  to  find  the  highest  point  at  which  it  should  enter  if  the  hoop 
e  sufficiently  expanded. 

This  measurement  should  be  made  as  quickly  as  possible  to  avoid  un- 

Kbecessary  loss  of  heat  by  radiation  and  the  hoop  allowed  to  swing  back 

in  the  flames  until  sufBciently  expanded.    The  hoops  were  heated  until 

the  minimum  rod  entered,  and  then  for  a  further  interval-  determined  by 

the  judgment  of  the  inspector  in  charge.    This  interval  was  in  no  case 

»eafficient  to  cause  an  expansion  of  the  hoop  great  enough  to  admit  the 
piaximum  expansion-rod  for  that  hoop. 
poTTina  «ij. 

When  the  hoop  was  expanded  until  its  interior  diameter  fell  within 
the  prescribed  limits,  the  gas  was  extinguished  and  without  delay  the 
boop  was  carried  forward  to  the  breech  of  the  mortar  by  the  rolling  of 
the  suspended  pulley-block,  engaged  and  slipped  forward  on  the  mortar 
body.  The  suspended  pressure  collar  or  ring  was  similarly  brought  up 
and  placed  upon  the  mortar  and  the  two  were  pushed  to  the  front  until 
the  hoop  brought  up  in  its  position  against  the  shoulder  of  the  mortar 
body  or  the  preceding  hoop.  As  soon  as  the  hoop  was  in  position  the 
tension  bars  were  loeketl  in  the  pressure  collar  and  the  pump  of  the  hy- 
draulic jack  rapidly  operated  until  the  collar  was  brought  to  a  moderate 
bearing  against  the  hoop.     Just  about  the  instant  of  clamping,  which 
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had  to  be  estimated,  the  full  pressure  of  the  jack  was  exerted  and  so 
continned  to  be  exerted  until  the  hoop  was  cold. 

To  prevent  loss  of  time  in  ac^nstinff  the  tension  bars,  blocks  whose 
lengths  are  equal  to  the  widths  of  the  hoop  with  a  slight  exoess,  are  cut 
and  used  to  adjust  the  lengths  of  the  tension  bars  to  correspond  with 
the  distance  from  the  head  to  the  rear  face  of  the  pressure  collar  when 
the  hoop  is  interpose.  The  keys  are  then  set  in  the  front  end  and  the 
bars  spread  apart  slightly  and  the  blocks  removed.  With  this  arrange- 
ment all  that  is  need^  after  the  hoop  and  pressure  collar  are  pushed  for- 
ward to  their  proper  positions,  is  to  rotate  these  bars  horizontally  toward 
the  mortar  until  they  are  fully  engaged  in  the  slotted  lugs  on  the  sides 
of  the  pressure  collar.  The  pump  on  the  jack  may  be  operated  immedi- 
ately. 

COOLING. 

The  water  was  turned  on  in  the  mortar  to  keep  the  bore  cool,  aboat 
the  time  the  hoop  was  adjusted  in  the  heater.  After  the  hoop  was  in 
position  and  a  moderate  pressure  applied,  the  water  ring  was  hoisted 
and  lowered  into  place,  encircling  the  hoop.  The  estimated  interval 
for  the  hoop  to  cool  sufficiently  to  clamp  the  piece  lightly  was  allowed 
to  elapse  and  then  the  water  was  turned  on  around  the  front  edge  of 
the  hoop  to  hasten  the  grip  at  that  point.  Meanwhile  the  full  power  of 
the  press  was  exerted  to  keep  the  joints  between  the  hoops  as  small  as 
possible.  The  water  plane,  for  such  it  virtually  was  from  the  method 
of  construction  of  the  ring,  was  at  proper  intervals  moved  successively 
to  a  point  1  inch  in  rear  of  the  front  face,  to  the  middle  of  the  hoop 
and  to  the  rear  end,  pausing  about  one  minute  in  each  position. 

The  ring  was  then  swayed  back  and  forth  so  as  to  deliver  the  water 
from  the  middle  of  the  preceding  hoop  to  the  rear  of  the  hoop  being 
shrunk  on.  This  process  prevented  an  objectionable  rise  of  tempera- 
ture in  the  hoop  previously  applied  and  at  the  same  time  cooled  the 
hoop  operated  upon  rapidly  enough.  This  swaying  of  the  water  ring 
was  continued  until  the  exterior  of  the  hoOps  and  gun  were  cold.  The 
temperature  of  the  water  coming  from  the  bore  was  taken  at  intervals 
of  one  minute  throughout  the  operation.  It  was  found  that  the  press- 
are  collar  became  heated  sufficiently  from  contact  with  the  rear  face  of 
the  hoop  to  interfere  materially  with  the  cooling  of  the  hoop.  To 
obviate  this  as  much  as  possible  a  Johnson  hand  force-pump  was  ased 
to  throw  a  stream  of  wat^er  around  the  rear  end  of  the  collar  and  to 
keep  the  mortar  body  under  it  cool.  The  oscillations  of  the  water  ring 
were  increased  sufficiently  to  allow  the  water  to  strike  upon  the  front 
end  of  the  collar  and  thus  materially  assist  in  keeping  down  its  tem- 
perature. After  the  first  hoop  was  on  and  as  soon  as  the  second  hoop 
was  in  position,  the  water  was  turned  on  at  the  middle  of  the  preceding 
hoop  to  keep  it  as  cool  as  possible,  without,  however,  allowing  the 
water  to  strike  the  heated  hoop  until  it  begun  to  clamp  the  mortar 
This  course  was  also  followed  with  good  results  for  the  remaining  hoops* 

HOOPS  OF  ROW  B. 

The  operations  attending  the  shrinking  on  of  this  row  of  hoops  were 
'dentical  with  those  employed  for  Bow  A. 
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REMARKS  OS  THE   0PEEATIDN8  OF   HOOPING. 

Roic  A. 


Presanre  was  always  {gradually  applied  at  first  as  the  lioop  cooled. 
TliP  collar  brought  the  Loop  to  a  firm  bearing  at  once,  and  Just  about 
tbe  instant  of  clariiping  the  full  power  of  the  93-tou  hydraulic  jack  was 
exerted  and  kept  at  full  pressure  niitil  tht?  hoop  was  cold. 

Boop  Ai. — At  tbe  beginning  uf  tbe  beating  only  one-third  of  the  gas 
pressure  was  on — full  pressure  let  oa  at  9.48  a.  m.  This  boop  was 
heated  somewhat  uneqaally;  the  top  and  bottom  were  hotter  than  the 
sides,  due  to  the  npward  dratt  caused  by  the  rapid  risiug  of  the 
heated  air,  which  resulted  in  a  current  that  deflected  tbe  flames  from 
the  burners  at  tbe  sides,  so  that  tbey  did  not  strike  tbe  hoop  inces- 
santly. At  10.02  a.  m.  the  color  of  the  heat«d  boop  was  purple  above 
aud  brown  at  the  sides;  at  10.03  it  was  purple  at  the  bottom;  at  10.06 
a.  m.,  when  the  minimum  wire  entered,  the  bottom  showed  a  blue  color. 
This  part  of  the  hoop  had  tlie  highest  temperature. 

Hoop  Az'—At  11.40  a.  m„  color  of  hoop  light  browu;  at  11.41  a.  ro,, 
blue  at  topi  at  11.43  a.  m,,  dark  brown;  at  11.46  a,  m.,  brown  with  pur- 
ple spots.  At  1L*.07  p.  ui.,  abnt  oft'  water  from  sprinkler  for  one  minute, 
and  at  12.12  shut  off  water  for  one-half  minute,  to  prevent  too  rapid 
cooling.  Water  was  turned  on  preceding  hoop  A,  at  11.52  a.  m.  to  pre- 
_T6nt  it  becoming  heated  from  contact  with  Aj. 

Hoop  Ai. — Tbe  colors  of  this  boop  were  about  the  same  as  those  of 
*.j.     At  2.52  water  in  sprinkler  shut  off  for  10  seconds;  at  2.59i  for  30 

icouds;  and  shut  off  again  at  3.r»2.     At  3.03  water  turned  on  left  aide 

oly;  at  3.04  turned  on  over  entire  hoop.     At  3.05  the  water  was  shut 

<fiS  for  1  minute,  and  again  at  3.08  for  2^  minutes. 

L  Note. — The  temperature  of  tbe  tliree  boops  A,,  Aj,  and  A,  were 

■igher  than  would  have  been  necessary  to  expand  them  for  the  shrink- 

fes  corresponding  to  their  own  proper  diameters.    Tbe  extra  heating 

Ets  rendered  imperative  in  order  to  expand  them  sufficiently  to  go  over 
i  slight  fillet  turned  on  the  body  of  the  mortar  upon  the  rear  of  the 
zone  <^«rrespoDding  to  A3.  This  fillet  was  turned  to  fit  a  corresponding 
groove  accidentally  cat  on  the  interior  of  A3.  This  groove  was  nearly 
an  inch  in  length,  and  extended  around  the  interior  cylindrical  surface 
of  the  boop. 

Hoop  Af — Water  turned  on  preceding  hoop  (Aj)  at  3.59  p.  m.,  to  pre- 
vent its  becoming  heated  by  contact  with  A,.  The  water  was  turned 
off  A,  at  4.19  p.  m.  for  2  minutes,  and  at  4.23  p.  m.  for  2  minut«s,  to 
prevent  too  rapid  cooling.  It  was  found  that  the  cast-iron  pressure 
collar  or  ring  became  heated  through  by  its  contact  with  the  heated 
hoop.  To  keep  thisriugcrwt  aJohnson  hand  force-pnmp  was  used,  and 
the  stream  of  water  directed  around  the  rear  face  of  the  ring  and  upon 
tbe  surface  of  the  mortar  under  and  in  rear  of  it. 

Began  using  Johnson  pump  at  4.15  p.  m.  Water  hoop  or  sprinkler 
required  45  seconds  for  its  removal  after  boop  was  cold. 

Hoop  Ai. — Water  turned  on  A,  at  5,04J  p.  m.  Johnson  pump  on  at 
5.18  p.  m.     At  5.21  p.  m.  water  shut  oil'  for  2  minutes. 

Hoop  Ag. — This  hoop  was  put  on  after  dark,  and  the  city  use  of  the 
gas  diminished  the  pressure  considembly,  and  required  a  longer  time 
to  heat  the  hoop.  Water  turned  on  Aa  at  7.41  J  p.  m.  Johnson  pump 
used  at  7.53  p.  ra.  Shut  oft'  water  7''.5;t'".40».  for  ^  minute,  and  at  7.57  p. 
m.  for  li  minutes.     Water  hoop  removed  in  45  seconds. 

Hoop  A^. — Water  turned  on  Ae  at  8.45  p.  m.    Johnson  pnmp  used  at 
|.A^5  p.  m.     Water  boop  removed  in  45  seconds. 


192         REPORT  OP  THE  CHIEF  OP  ORDNANCE. 

Hoop  Ag. — Water  turned  on  A7  at  9^.45™.10».  p.  m.  Johnson  pamp 
used  at  9^57™.30*.  p.  m.  As  this  hoop  is  not  over  the  bore,  it  did  not 
cool  as  quickly  as  the  other  hoops.  The  pressure  ring  and  breech  of 
mortar  increased  so  rapidl}'  in  temperature  that  water  from  a  larger 
hose  was  turned  on  the  breech  at  10.08  p.  m.  Water  all  turned  off  at 
10.15  p.  m.  Pressure  collar  removed  at  10.16  p.  m.  Water  turned  on 
cast-iron  breech  at  10.17  p.  m.  for  2  minutes. 

Hooping  (Eow  A)  finished  at  10.20  p.  m.  The  water  in  the  bore  did 
not  assist  perceptibly  in  cooling  the  hoop,  as  the  latter  was  in  rear  of 
the  chamber. 

Row  B. 

Hoop  Bi, — ^A  few  of  the  gas  burners  were  found  to  be  stopped  ap, 
but  it  was  not  discovered  until  after  the  gas  was  lighted.  'So  seriona 
trouble  was  caused  by  it. 

Hoop  jB},  Trunnion, — ^The  sections  on  the  gas-heater  carrying  the 
burners  were  changed  for  this  hoop  on  account  of  its  greater  lengtib. 
Sections  carrying  four  burners  were  substituted  for  those  having  three 
burners.  This  hoop  was  suspended  in  the  heater  with  the  axis  of  the 
trunnions  vertical,  and  the  weight  being  greater  in  the  vertical  line 
caused  the  hoop  to  assume  a  slight  ellipticity  with  the  transverse  axis 
vertical;  hence  the  minimum  wire  entered  vertically  long  before  it 
would  enter  horizontally.  This  hoop  was  heated  somewhat  uneqaallyf 
due  partly  to  its  circumferential  asymmetry  and  partly  to  the  influence 
of  the  currents  of  air  in  the  foundry.  One  segment  least  ex|)08ed  to 
air-currents  was  heated  until  the  oxidized  surface  showed  a  bright  pur- 
ple color ;  the  other  segments  showed  either  straw-color,  brown,  or  pur- 
ple. The  trunnions  were  not  heated  to  as  high  a  temperature  as  was 
anticipated,  showing  a  variation  from  faint  straw-color  to  brown.  Every 
effort  was  made  to  keep  them  at  as  low  a  temperature  as  possible,  and 
with  reasonable  success. 

V>«Trunniou  hoops  should  have  a  slight  cylindrical  projection  left  on  the 
end  of  one  trunnion,  into  which  a  hole  may  be  tapped  for  an  eye-bolt^ 
by  which  to  suspend  the  hoop  in  the  gas-heater,  otherwise  it  is  an  awk- 
ward piece  to  handle.  This  projection  should  be  about  2  inches  in 
diameter  and  1.5  inch  long,  and  have  its  axis  coincident  with  that  of 
the  trunnion. 

Hoop  B3. — No  remarks. 

Hoop  B4. — The  temperature  of  this  hoop  was  lower  than  that  of  Bf 
Color  varying  from  faint  straw  to  brown.  The  gun  was  slightly  warm 
in  rear  of  this  hoop. 

Hoop  B5. — Heated  little  longer  than  B4,  and  turned  on  water  a  little 
too  soon.  Slight  explosions  were  heard  at  bottom,  which  showed  that 
the  water  penetrated  between  hoops  and  reached  body  of  gun,  where 
being  confined  and  converted  into  steam  caused  the  spluttering  soands 
heard  in  its  efforts  to  escape.  This  showed  that  too  short  a  time  had 
been  allowed  before  turning  on  the  water,  and  that  the  hoop  haid  not 
firmly  clamped  the  gun.  Warmth  just  perceptible  in  rear  of  hoop. 
Color  of  hoop  uncertain  ;  observers  not  accustomed  to  tempering  steel 
by  the  electric  light,  and  could  not  judge  of  the  color  displayed  by  the 
heated  hoop. 

Hoop  Bq. — The  day  being  cloudy,  and  darkness  coming  on  early,  the 
city  began  using  gas  about  the  time  this  hoop  was  placed  in  the  heater. 
which  diminished  the  pressure  of  gas  very  perceptibly,  and  reqaired 
longer  time  to  heat  hoop.  Color  uncertain — supposed  to  be  brown.  The 
variable  intensity  of  the  electric  light  used  to  illuminate  the  bailding 
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"forbade  any  attempt  to  study  cwlnrs  on  tUe  steel  witli  any  satisraction 
or  any  degree  of  certainty.  In  7  niiniitcs  after  Rq  was  in  poailion  the 
rear  face  of  lioop  A^Kliowed  ii  X)erfeptible  increase  of  teuiperatnre. 

Tlirouf;liQnt  Ibo  lioopirig,  eiicli  lioop  and  tlie  gun  was  allowed  to  get 
t'olcl  licfme  another  boop  was  put  on. 

Till'  |iressnrc-collar  or  ring  used  witli  Kow  A  to  bring  tlie  face  of  the 
tii)(>i>  III  a  Uriti  lieariii^  and  keep  the  ioints  <rlose  was  fonnd  to  be  a  iJt- 
^^letoo  HgUt.     Tlieportionsof  the  ring  90  degrees  distant  from  the  points 
^Kc  application  of  tlie  tensiim  liars  of  the  prcsis  liad  not  thicliuess  euungh 
^^B  give  proper  rigidity  ill  these  points,  and  tlieconseqnence  was  that  tlie 
^^Bligs  sprang  back  slightly,  allowing  the  joints  between   the  hoops  to 
^aliow  a  grenter  opening  at  the  (op  and  bottom  than  at  the  sides  where 
the  presanrii  was  applied- 
Fur  Kow  B  a  hearier  nolUr  was  cast,  which  dimitiished  this  effect,  but 

did  not  whollj-  counteract  it. 

f  Before  placing  a  hoop  in  the  gas-healer  care  should  be  taken  tti  as- 
'(rtain  whether  the  Inimers  are  all  free  fioni  obstrnclions,  Thisiseas- 
f  accotuplished  by  tuniitig  ou  the  blast  luid  parsing  the  hand  ra|iidl.r 
rer  the  oriHces  of  the  burners.  An  impinging  current  of  air  will  be  felt 
■  tbe  burner  be  clear. 

lit  was  i in iiracti cable  on  aoconnt  of  the  interposition  of  the  presHure 
pg  to  observe  the  instant  when  the  hoops  clamped  the  body  of  the 
^rtar.  Therefore,  the  time  required  for  the  hoop  to  cool  sulHcieritly 
ft  clant{)  the  piece  vta.'i  estimated,  using  the  known  data  obtained  from 
JieerviitionH  on  the  experimental  cylinder  for  arguments,  The  esti- 
B&ted  time  for  clamptug  was  asKume<t  to  vary  from  tive  to  eight  mm- 
/  iB,  depending  on  theexpausionohtained.  the  temperature  of  the  hoop, 
tnd  the  time  elapsing  from  extinguishing  the'gas  until  the  hotij)  was  in 
_>sition  on  the  mortar. 

t  A  longer  Jime  was  required  for  clamping  in  the  trials  with  the  exjieri- 

bental  cylinder ;  but,  in  tbe  aetual  hooping  the  hoops  were  put  on  at 

ftlower  temperature,  the  volume  of  water  passing  tlii-ough  the  bore 

i  relfttivcly  greater  aud  had  a  lower  temperature,  and  the  surfaces 

f  contaol*  with  rapidly  conducting  materials  were  greater;  hence,  it 

s  estimated  that  the  cooling  of  the  hoops  would  be  more  rapid,  and 

iHt  lese  time  would  be  required  for  clamping. 

Jointu  or  spaces  betwr^en  hoops  a/tei'  shrinking  on.    Bok  A, 

After  the  first  row  of  hoops  (tow  A)  was  on  the  mortar  and  had  re- 
mained at  rest.  Ifi  hours,  the  opeuiugs  between  the  several  hoops  due 
to  the  shrinking  away  of  the  metal  were  measured  with  standard  slips 
of  brsws  varying  in  thickness  by  one  thousandth  of  an  inch. 

The  thicknesses  of  these  slips  were  verified  immediately  afterward  by 
uieasureiuents  made  with  small  vernier  calipers,  fitted  with  a  micro- 
meter screw.  It  was  fonnd  in  some  cases  that  the  opening  inside  was 
less  than  that  on  the  exterior.  The  first  hoop,  A,  showed  an  opening 
at  tbe  top  and  bottom,  between  tbe  hoop  and  the  cast-iron  slionlder  of 
the  body,  but  at  the  sides  directly  beneath  the  points  of  application  of 
the  longitudinal  iron  bars,  which  transmitted  the  pressure  directly  from 
tbe  hydraulic  jack  to  the  pressure  collar  in  rear  of  tbe  hoop,  no  opening 
was  present  that  could  be  measured.     The  relatively  large  opening 

Iftbove  noted  was  doe  to  two  causes:  (1)  To  the  curved  shoulder  on  Ihe 
falS^t^on  body  whieh  wedged  off  the  lioop,  as  it  were,  when  it  contrauted 
pTl 
I 


*  Tbe  ioterior  and  Iwtk  fau««  of  «uab  liuop  wera  iu  uoutact  with  oold  metalUc  si 
4C25  ORD 13 


194 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


in  shrinking  on  ;  (2)  to  the  npringin^  back  of  the  cast-iron  retaininfi: 
collar  or  ring  at  the  points  most  distant  from  the  points  of  application 
of  the  pressure,  where  it  was  supported  only  bj'  its  own  rigidity. 

Width  of  spaces  between  hoops  of  row  A  after  shrinking  on. 


Between  — 


Opening.     Kiml  of  fnnj^e. 
width  of.      tight  or  loose.      ! 


Remarks. 


—  I 


Cast-iron  shoulder  and  Ai. 


Ai and  Af 
As  and  At 
Agand  A4 
A4  and  A«. 
As  and  A«. 
Ac  and  A7 
At  and  As. 


008     Tight  at  top Joint  closed  at  sides  where  preaanre 

applied. 

000    No  joint  visible;  closed  all  AToand. 

003     Eaav  jjaucc ;  Slip  inserted  8". 

00*2     Easy  for  5  inches . .  i  .  "003.slip  entered  .  "25 

002  In  4  inches i  .  "f03-slip  entered  exterior  alif htlv. 

003  Tight I 

003     Loose '  Tight  at  top. 

003  :  Tight ;  Tight  at  top  with  .  "002  slip. 


JointH  or  spaces  between  hoops  after  shrinking  on.     How  B, 



Depths  to  which  the  gaages  w 

ore  inserted  at  the— 
Bottom. 

1 

■ 

] 

Top. 

Between —            -                            -                       —      

Thickness  of  brass  gaages.                         1 

ages. 

J 

rhiokness  of  brass  ga 

■    ."002       ."0035.      ."004.      ."005.          ."002. 

1 

."0035.    ."004.y'005. 

In.        In    1   In. 
1  0.6 

."006. 

."•085. 

1 

In.            In.          In.          In.              In, 
At  and  Bi i      0. 75  i          0.6      '0.4  tight   

In, 

In.     . 

1 

Bi  and  Bi  trannion       1.00    0.  2tiiiht' • 

2. 5       2. 25     2. 26 
2.8 

1.25 

*o.'i* 

Btand  Bj .O.Qtight  

0.1 

B,and  B4 ..       1.5              a4    ' 0.2    

2.25     0.75     0.25 
0.25      i 

0. 75     0. 5    1  0. 1 

1 

..... 

B^and  Bs 0.25            0.05     0.751oose 

. .  * « . 

........i 

B«aud  B« Tight  joint  corner  of   ."002-slip            1.25 

barely  engaged. 

I 

...... 

■ ' 

1 

*  At  side  where  pressure  applied  ."005  gaage  inserted  0".8. 


SUMMARY  FOR  ROW  B. 


Between — 


At  and  Bi 

Bi  and  Bi  trannion . 

Btand  Ba 

Btand  B4 

Biand  B» 


Maximnm    openings    be- 
tween noops. 


At  top. 


Inches. 
.005 
.0035 
.005 
.005 
.0035 


At  bottom. 


Bi  and  Be I  No  opening. 


Inches. 
.003 
.0085 
.0085 
.005 
.0035  : 
.005    : 


COLOR  AND  TEMPERATURE.* 


The  temperatures  of  the  hoops  and  their  approximate  expansion  were 
estimated  from  the  color  of  the  film  of  oxide  on  the  surface  of  the  steel. 
The  trials  with  the  experimental  cylinder  showed  that  with  this  qaiUity 

*  For  ttible  of  color,  dLC,  see  Appendix  XV,  Table  S^, 
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of  steel  a  uniform  hrown  color  indicated  a  temperature  that  gavesufficient 
expansion  of  the  hoop,  without  exceeding  the  maximum  limit.  The 
color  teat  wa8  used  in  conjunction  with  the  measuring  points  to  determine 
the  expansion. 

This  test  is  especially  valuable  in  determining  the  uniformity  of  the 
heating  of  the  difterent  parts  of  the  same  hoop.  The  variations  or 
shades  of  (*.olor  indicate  like  variations  in  temperature.  It  is  also  of 
value  in  determining  approximately  the  instant  when  the  hoop  should 
first  be  swung  clear  of  the  gas  flames  for  a  trial  test  of  the  expansion, 
thus  not  only  saving  labor,  but  expediting  the  heating  of  the  hoop  by 
not  having  to  remove  it  from  the  flames  so  frequently  for  trial  measure- 
ments with  the  expansion  rods. 

Attention  to  the  colors  exhibited  by  the  different  parts  of  the  hoop 
will  readily  indicate  to  the  observer  the  hottest  points  and  the  effect  of 
currents  of  air  in  the  foundry. 

This  reference  to  the  color  test  presupposes  that  the  observer  has  had 
experience  in  tempering  various  qualities  of  steel. 

The  brown  color  aimed  at  in  each  of  these  hoops  before  removing  from 
the  tire  is  a  tolerably  easy  tint  to  recognize;  and  even  if  the  observer 
])ass  it  he  will  certainly  detect  the  purple  spots  which  follow  further 
heating.  The  approximate  temperatures  (determined  by  the  color  test) 
adopted  as  limits  in  heating  the  hoops  were  450°  Fah.  and  520^  Fah. 

The  condition  and  the  "finish"  of  the  surface  affects  the  purity  of  the 
(;olors  exhibited  and  must  be  considered  in  all  ca.ies,  as  well  as  the  qual* 
ity  of  the  metal. 

These  hoops  were  put  on  at  a  much  lower  temperature  than  has  ever  be- 
fore been  attempted  at  this  foun<|ry.  It  was  found  that  with  skilled  men, 
well  handled,  plenty  of  time  existed  for  getting  the  hoops  in  position 
before  they  could  cool  sufficiently  to  clamp  the  mortar  previous  to  reach- 
ing their  prescribed  positions. 

statement  of  fabrication  of  ordnance  for  the  service  of  the  United  States  by  South  Boston 
Iron  Works,  at  the  South  Boston  Foundry f  under  the  supervision  of  Capt  D,  A,  LyU^ 
Ordnance  Department,  D.  S,  A, 

I  l2-iDcb  If.  L.  R.  mortar  (hooped  wiUi  steel),  cast  March  1, 1884.    Inspected  November  28, 1884.] 

CHARGE. 
Iron  used. 


j 

Grade  of  iron. 

Famaoes. 

No.  1. 
Tons. 

Na2. 

No.  3. 

Total. 

Nal 

• 

No.2 

8 
1 
9 
9 

Richmond 

8 
1 
9 
9 

No.  8,  hard* 

No.  8,  soft 

Remelted 

1 

Richmond  ............ 

Richmond 

Section  of  15-inoh  Rod* 

man  S.  B.  gun. 

27 

27 

*  Classed  here  as  No.  4,  Riehmond. 


Coal  oomumed. — Total  Pennsylvania  gas-coal,  37,140  pounds. 
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RECORD  OF  CASTING. 


FnniaceH  flred  March  1, 18»4,  at  4  ft.  m 
Hetal  dowu  nt  II  a.  m. 

Time  of  lueltiog,  7  boura. 

Time  in  fusion,  9  butire. 

Oun  ca«t  nt  8  ^.  m. 

Time  occupied  iacaitiag,  ISminntes. 

Temperature  of  water  eutering  core 
barrel,  36  deitreea. 

Temperatureof  water  leaving  core-bar 
re),  51  degreea. 

Bate  of  water  per  miuute,  20  galloDH 

Fire  kindled  in  pit  8.30  p.  m. 

Fire  iu  pit  went  out  March  3,  5  a.  lu. 

Temperature  of  pit,  not  taken. 


Temperature  of  pit,  not  taken. 
Fire  in  pit  burned  '.iH  hours. 
Watersbut.  offMarch-J  at  10.61  a.  a 
Core-barrel  rumored  at  II  a.  ni. 
Water  entered  gun  at  13  m. 


^Cof 

>.  III.  to  8 
Total  ti 


of  water  leaving  guu,  163 
r  changed  March  3  at  10 


COOLIHQ  TABLES. 


c.™... 

CorB-bamI  removed. 

t 

1 

t 

1 

i 

1 

i 

1 

5 

1  t 

1 

B 

& 

& 

1 

& 

& 

s 

a 

a 

&     & 

a 

, 

«T 

11 

Ids 

m 

m 

.. 

-« 

11 

M      16 

IB 

Ji 

S' 

11 

<*) 

M 

«4 

_ 

_. 

_, 

.,  March  J.HDil^i 


MECHANICAL  TESTS. 
Specific  gravity  M 


SpcMMmen. 

How  Uken. 

D««ltT. 

'  S;5:::::::".:: 

::::!:::::::. 

?i 

SS'"--'^ 

T.KM 

;£f-::.:  : 

No.1* 

...do 

....do 

7.2382 
7.  IMS 
7.ze» 

[Ko.l7 

...do 

'■«» 
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TENSILE  STRENGTH. 


Specimen. 


No.1 

iro.2 

No.3  - 

-So.9...^ 

Ko.10    

Ko.ll 

Ontoide  lonicitodinal . . 
Inside loof^ttudinal  ... 


Diameter  of 
specimen. 


1.1999 

1.2 

1.196 

1.198 

1.193 

1.197 

1.2 

1.2 


Breakin;; 
weight. 


33,200 
34.300 
35,800 
34.600 
35, 400 
36,000 
28,300 
31,400 


Tenacity. 


29. 493 
80, 32t 
31,753 
30,695 
31,669 
31,991 
25,  023 
27,764 


INITIAL  TENSION. 


Biterior  diame- 
ter of  ring. 


Inches. 
32.375 


Exterior   open-  jCircamference  of 
ing.  !  exterior  of  ring. 


Jnehe*. 
0.101 


101. 7093 


Exterior  per  inch 

of  ciroumfer-  '   Initial  tension, 
ence.  I 


.000993 


15,750 


ADDITIONAL  SPECIMENS. 


1              1 

1 

Diameter  of 
specimen. 

How  taken. 

Breaking 
weight. 

Tenacity. 

1       ^ 

'            13 
14 
15 
16 
17 

1.2 
1.2 
1.2 
1.2 
1.2 
L2 

Longitudinal.. 
.... (10  ......... 

Poiindi. 
35,700 
35.300 
37,000 
33.000 
33,900 
34,300 

31,506 
31,212 
32, 715 
29,188 

...  do 

....do 

. .  do 

99,974          1 

....do 

30,328 

1 

^toord  of  meamreinenU  with  star-gauge  of  body  for  12-inch  coat-iron  Af  4  L,  R.  mortar  hoopod 

with  steel. 


[  Finished  for  reception  of  steel  hoops.    Prescribed  diameter  =11.95  inches.  ] 


1          Diameter  of  bore. 

istance  from 
muszle. 

Diameter  of  bore. 

1  i 

1    |1 

00 

Diameter  of  bore. 

Cm 

c2    i 

3  s      Horiron- 

•       1      taL 

VertioaL 

Horizon- 
tal. 

1 
Vertical. 

Horizon- 
tal. 

Vertical. 

Q 

P 

:  « 

InAet,     Inehe*. 

Inches. 

Inches. 

Inches. 

Inches. 

'  Inches. 

1 
Inches. 

Inches. 

12...     1L951 

1L»51 

51.5... 

11.951 

11.951 

,     77.8.. 

1L952    , 

11.9505 

7.2...i    11.951 

11.951 

52.5... 

11.951 

11.951     , 

1     82.    .. 

11.952 

11.9515 

12.2.. .1    1L951 

1L950 

53.5... 

11.951 

11.9515  1 

86.1.. 

11.952    1 

11.9505 

17.2...     11.951 

11.950 

53.8... 

n.952 

11. 9515 

86.3.. 

11.952 

11. 951 

212...     11.9516 

11.961 

57.    ... 

11.952 

11.952 

90.    .. 

11.  952 

11.950 

|27.2...     n.951 

1L951 

60.4... 

11.952 

11.  9515 

92.2.. 

11.947 

11.  947 

32.2...,    1L9515 

1L061 

60.6... 

11. 952 

11.951 

92.4*. 

11.848 

11.848 

J7.2...     11.961 

U.»51 

64.8... 

11. 952 

11.  951 

93.6.. 

11.  8485 

11.848 

412...      11.951 

1L951 

69.1... 

n.952 

11.  9515 

93.8.. 

11.849 

11.8475 

47.2...;    n.951 

11.951 

09.3... 

11.  952 

11.951 

97.9.. 

11.8495 

11.848 

49. 5... 1    U.962 

n.96i 

73.6... 

11.  9515 

11.  9515 

102.1.. 

n.839 

11.848 

50.5...     1L951 

11.951 

77.6... 

11. 952 

11.950 

102.3.. 

1L835 

1 

lLg38 

*  TIm  distance  from  02. 4  to  102. 3,  both  inclosive,  are  within  the  chamber. 
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Diametera,  oompreaaiona,  and  extenaiona  0/  hare  of 

[Table  showing  dUmetera  of  bore  of  12-inoh  M.  L.  R.  mortar  before  hooping,  after  application  of  Rowi 

of  the  bore  dne  to  the  application  of  Bow  A,  Row  B,  and  both  rows,  together  with 


Under  hoop. 


Oy Under  in  front  of  hoops  <• 


Shonlder  in  front  of  hoops : 

i  Front  end 
Middle 
Rear  end 

(Front  end 

At<Middle 

(Rear  end 

ilVontend 
Middle 
Rear  end 

{Front  end 
Middle 
Rear end 

Front  end 
Middle 
As 


^  Rear  end ^ 

{Front end -S  . 
Middle g' 
Rear  end .2 


s 

a 
a 

s 
i 


Diameter  of  bore  ready  for  hooping,  Ac. 


Before  hooping, 
(a) 


H. 


In. 
49.5 
50.5 
51.5 
52.5 
53.5 

I 

63.8 
67. 
60.4 
60.6 
64.8 
69.1 
69.3 
73.5 
77.6 
77.8 
82. 
86.1 
86.3 
90. 
*92.2 
^92. 4 
93.6 
93.8 
97.9 
102.1 
102.3 


Inehea. 
11. 952 
11. 951 
U.  951 

11. 951 
11.951 

11. 952 
11.  952 
11. 9r>2 
11.952 
11.  952 
11.952 
11.952 
11.  9515 
11.  952- 
11.952 
11.952 
11. 952 
11  952 
11. 952 
11.947 
11.848 
11.8485 
11.849 
11.8495 
11.839 
11.835 


V. 


Inehsi. 
11.951 
11.951 
11.951 

11. 951 
11.0515 

11.9515 

11. 952 
11.9515 
11.951 
11.951 
11.9515 
11.951 
11. 9515 
11.950 
11.9505 
11.9515 
11.9505 
11.951 
11.950 
11.947 
11. 848 
11.848 
11. 8475 
11.848 
11.848 
1L838 


After 

application 

Row  A. 

(6) 


H. 


V. 


IlUh€9. 
11.949 
11.948 
11.047 
11.947 
11.947 

11.046 

11.045 

11.0445 

11.  914 

11.943 

11.043 

11.945 

11.943 

11.943 

11.943 

11.043 

11.043 

11. 0435 

11.  943 

11.938 

11.8365 

11.838 

11.838 

11.838 

♦ 


Inekes. 

11.948 

11.948 

11. 9475 

11.047 

11.0465 

11.046 

11.045 

11.044 

11.044 

11.  043 

11.943 

11.043 

11.043 

11. 042 

11.043 

11.0425 

11.043 

11.0435 

U.  943 

11.938 

11.838 

11.838 

11.838 

11.838 

*■ 
* 

♦ 


After 

application 

RowB. 

(c) 


H. 


Inehei 

11.9485 

11.048 

11.047 

11.047 

11. 017 

11.046 

11.045 

11.043 

11.041 

11.037 

11.938 

11.937 

11.937 

11.936 

11.937 

11.937 

11.037 

11.037 

11. 9.36 

11.932 

11.832 

11.831 

11.8325 

11.830 


V. 


Ineh€9. 

11.948 

11. 9475 

11.047 

11.0465 

11.046 

11.046 

11.044 

11.041 

11.044 

11.038 

11.036 

11. 936 

11.935 

11.935 

11.935 

1L934 

11.9355] 

11.935 

11.0355 

11.033 

1L830 

11.830 

11.820 

11.820 


After  finish- 

ingexterior 

SowB. 


H. 


Inekea. 
11.040 
11.040 
11.048 
11.048 
11.046 

11.046 
11.045 
11.  MS 
11.04S 
11.040 
il.tf88 
11.038 
1L037 
11.037 
11.037 
11.037 
11.03T 
11.037 
11.036 
11.01124 

itess 

11.833 
11.938 
11.831 


V. 


11.0S0 
1L0S8 
IL  04711 
IL047^ 
ILOfT 

1L046 

U.044 

1L043 

ILOtt 

IL 

II. 

U. 

IL 

II. 

II. 

11. 

1L«U 

IL 

IL 

ILin 

IL 

IL 

1L881 

IL 


*  In  trout  of  shonlder. 

t  In  rear  of  nhonlder. 

I  After  application  of  the  hoops,  on  account  of  the  compression  of  bore,  it  was  impossible  to  mesaars 
ws  diameter  with  the  star-gauge  points  ased  in  measuring  the  rest  of  the  chamber.  At  101.4  inohM 
nom  mnsxle,  the  fisrthest  point  to  which  the  star-gauge  could  be  inserted,  the  diameters  were :  lMiii> 
lontal,  11.837  inches;  vertical,  11.832  inches. 
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■d  B,  itMT  BatnUns  BKlerior 


r«  or  ftalahfld    \ 


CovprMalon  of  bom  due  to — 


EitCDiloB  aCboredi 


:    Alter  borlnK  to 
B.      ]      V. 

s 

C/) 

"4 

H. 

'"s 

!oaw 
.oou 

!oo« 

.0085 

.OM 
.OMi. 

.008 
.0011 

:(wj( 

.OOTt 
.007 
.M* 

low 

H.    i    V. 

otKi 

(To 

(«■ 

H. 

citlon 
V. 

FlDl. 

"k< 

H 

-d) 

V. 

/MftH. 

Imi 
.000 
!mi 

-<-.  OM 
,0M 
.OM 
.DM 
.OM 
.DM 
.DM 

+;? 

.OM 

;ooa 

ILM 

i 

its 

■ju-in 

/■dlaa. 

iLssa 
iz-om 
ii.asA 
11.  «m 

.HTS 

i.Ma 

.MB 

.M» 

MB 

.BB« 

.W4 
.MB 

■:!S 
■•"" 

liwB 
1.99U 

Ibbs 

■is 

:« 
":SS 

'3 

.004 
.DM 

.DM 

.008 
.00« 
.009 
.007 

:oo> 

.ODS 

•E 

ioMT 

.010» 

!k>o 
,000 

:ooi5 

.oca 

.OM 
.OM 
.OM 

:oo7 

.OM 

'.Wtb 

'.VOA 
.OM 

'IS 

:ooos 

.OOM 

.0001 

.OM 

iooe 

i 

JtMAu 
.OOU 

!004 

.oot 

.OM 
!008 

.0  1 

:o« 

ioiKI 

"a 

!0UK 
!0M 

iolTl 

ioia 

!oai 
+.001 

.MO 
.OM 
.OM 

!003 
.OM 

!oM 

i 

in. 

:oo 

09. 

DOI 
001 

Doi 

+.O0OS 

ioM 
.OM 
+.M1 

+.M1 
.0005 

!mi 
.001 
iooi 

.  r            J 
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i-i/inj,  of  U"  M.  L.  . 


Dtptha  of  groovet  in  finhhed  bore  of  13"  Jf.  L.  B.  mortar 
ftrenctt  tBiireen  tlu  diameters  of  tht  iore  meaiured  i 


hooped  Kith  steel,  akoiciiig  iif- 


1 

3 

5 

4 

a 

^ 

e 

s 

1 

1 

1 

1 

£ 

1 

il 

1 

il 

H 

°l 

=  3 

si 

\ 

1 

;b 

1 

1 

^H 

s 

i 

^1 

1 

1 

0 

; 

Q 

a 

a 

5     1 

a 

n     1 

o 

S 

In 

ttiu.  I 

rutM. 

InsAff. 

ItuAM. 

■/ 

ocAm. 

/»<«H. 

In. 

Au.' J«Am.I 

M 

.osss 

ass 

Ase 

25 

loSB.^ 

*i.  ' 

.OSS 

os» 

OH 

4B 

IH 

OSS 

ma 

OSS 

IT 

OSffl 

» 

lows 

18  _ 

:osB 

DM 

1  » 

£• 

7S 

VMS 

DSB 

so 

iosis 

1»| 

DSM 

ai 

M 

US 

:0SS7S 

OM 

D«IU 

!u»s 

WS 

IS2 

s< 

H  1 

Dse 

IM  1 

oso 

u 

loSBS 

IRS 

ioBBBS 

19; 

OM 

ou 

MM) 

M 

!  20 

!09S 

0M5 

OBO 

37 

,    IS 

ioSM 

,040 

10        1 

ibI 

OM 

t  H 

OSS 

05§.f 

is 

'.wa 

osss 

to 

!o»JS 

■   <»,' 

.DM 

» 

]s| 

OnVS 

080 

osfls 

41 

000     1 

.OM* 

IIB 

SB 

ofss 

IIS  1 

,0SS5 

QMS 

M 

iw' 

060     . 

M 

u 

!  lists 

90.25 

a 

ISO 

(KM 

1 

40 

.IM 

■~ 

«« 

'■' 

.Oiss 

. 
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f. 

1  g 

i 

f, 

g 

u 

! 

1 

I 

1^ 

^ 

! 
1 

1 
1 

Betdiikl. 

■< 

-< 

■< 

■i 

1     u 

+.W 

7Uf«  tAouriag  ulerJor  diamtlert  of  12-lnp>  if.  £.  rlfl«<l  morfar  (^niaAtd). 
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Record  of  ntroiiirrirm/s 
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I  II.  UM 
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1 

e 

1 

i 

1 
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;; 

1  1!.118 
I  12.118  ' 


■,  haoptdtciih  itot. 


ifiing,  of  12"  *.  /,.  B. 


Aflor 

rtflbg 

;! 

1 

1 

1 

? 

■* 

2,1 

?. 

;■! 

1.W8 

I 


11.  MS 

IS,    1 

ll'»^ 

12.11 

'■■'*• 

'="' 

i 

i 

1. 

i 

1 

i 

1 

1 

i 

2a 

* 

■^ 

V 

_2 

:^ 

g 

J 

2i 

1     ' 

3 

1 

a 

1 

i 
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0 

i 
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» 

i 

rnr.„ 
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so 
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OSes 

050S 

00 

.1185 

.OS02S 
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:iw 

oU 
050 
ON 

HSU 
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CS> 

|« 

Is 

.IBM 

41 

t^ 

w 

.059 
ioSB 

.   X 

MO 
OM 

^ 

1» 
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4B 

.VM 

w 

.IJV 
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RECORD  OF  CASTING. 


Fiiniaces  fii-ed  March  1, 1884,  at  4  a.  m. 
Metal  down  at  11a.  xn. 

Time  of  meltiug,  7  hours. 

Time  in  fusion,  9  hours. 

Gun  cast  at  8  p.  m. 

Time  occupied  iu  casting,  15  minutes. 

Temperature  of  water  entering  core- 
barrel,  36  degrees. 

Temperature  of  water  leaving  core-bar- 
rel, 51  degrees. 

Rate  of  water  per  minute,  20  gallons. 

Fire  kindled  in  pit  S.'M)  p.  m. 

Fire  in  pit  went  out  March  3,  5  a.  m. 

Temperature  of  pit,  not  taken. 


Temperature  of  pit,  not  taken. 

Fire  in  nit  burned  3*2^  hours. 

Water  shut  off  March  2  at  10.51  a.  m. 

Core-barrel  remove<l  at  11  a.  ni. 

Water  entered  gun  at  12  m. 

Rate  of  wat^r  }>er  minut«,  10  gallons. 

Teijiperature  of  water  entering  gun,  36 
degrees. 

Temiierature  of  water  leaving  gnu,  163 
degrees. 

Rate  of  water  changed  March  3  at  10 
a.  ni.  to  8  gallons. 

Total  time  in  cooling  gun,  63^  hours. 


COOLING  TABLES. 


Core  bar- 

Ffl.. 

• 

2 

c 

Gore-barrel  removed. 

o 

&  1 

• 

1 

^^ 

• 

e 

3 
O 

• 

1 

Q 

• 

E 

a 
o 

c 

a 

1 
1 

c' 

0 

O 

w  ■ 

• 

t 

u 

<• 

5 

1 
• 

c 

* 
• 

1 

67 

16 

163 

31 

100 

46 

48 

61  . 

40 

76 

38 

2 

66 

17 

159 

32 

94 

47 

47 

62 

39i 

77 

38 

!  3 

65 

18 

154 

33 

86 

48 

47 

63 

394 

78 

38 

1  4 

64 

19 

149 

34 

79 

49 

47 

64 

394 

79 

38 

o 

63 

20 

145 

35 

72 

50 

46 

65 

39 

80 

38 

6 

61 

21 

141 

36 

65 

51 

•  46 

66 

39 

81 

374 

60 

22 

138 

37 

60 

52 

45 

67 

39 

82 

374 

•  8 

59 

23 

133 

38 

f62 

53 

44 

68 

384 

83 

37  1 

'  9 

58 

24 

129 

39 

60 

54 

43 

69 

38 

84 

C)  ' 

10 

57 
5<> 

25 
26 

125 
122 

40 
41 

58 
56 

55 
56 

43 
42 

70 
71 

38 
38 

......1 

11 

! 

12 

54 

27 

119 

42 

54 

57 

42 

7'2 

38 

. ... 

13 

52 
51 

28 
29 

115 
112 

43 
44 

524 
51 

.58 
59 

41 
40i 

73 
74 

38 
38 

' 

U 

: 

• 1 

15 

(*) 

1  30  1 

106 

45 

494 

60 

40 

75 

38 

1 

'  Water  nliut  off  and  nrbor  hoistinl :  water  rate  changed  to  10  gallons  per  minute. 

t  WatiT  rat**  changed  to  8  gallonH  per  minuttv 

;  Water  shut  off  at  8  a.  m.,  March  5,  and  gun  hoisted  from  pit  at  3.15  p.  m.  same  date. 


MECHANICAL  TESTS. 


Upecijic  ffrarity. 


Specimen. 


How  taken.       Density. 


Xo.  1 Tangential...  7.2660 

Xo.2 do 7.2740 

Xo.3 do 7.2514 

No. 9 do 7.2550 

No.lO !...  do 7.2615 

No.  11 do 7.2754 

"  OutAide " LoQgitndhial  .  7. 2155 

•  Inside" do 7.2,'»5 

No.  12 do 7.2382 

No.  13 do 7.2685 

No.  14 do 7.2622 

No.  15 do 7.2600  . 

No.  16 do 7.2471  | 

No.  17 ....do 7.2495  . 
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TENSILE  STRENGTH. 


SpecimeD. 


I 


No.l 

No.2 

No.3 

No.9.... 

No.lO   

No.  11 

Oatftide  lonsitudinal 
Inside  loDKitiidinal  . 


Diameter  of 
specimen. 


1.1999 

1.2 

1.196 

1.198 

1.193 

1.197 

1.2 

1.2 


Breakin;; 
weight. 


33.200 
34,300 
35,800 
34.000 
35. 400 
36,000 
28.300 
31,400 


Tenacity. 


29.493 
80, 32t 
31,753 
30,695 
31,069 
31.991 
25, 028 
27,704 


INITIAL  TENSION. 


Exterior  diame- 
ter of  ring. 


Inches. 
32.375 


Exterior   open*  .Circumference  of 
ing.  ,  exterior  of  ring. 


Ir.ehe*. 
0.101 


101. 7093 


Exterior  i>er  inch  , 

of  circumfer*  '  Initial  tension, 
ence.  i 


.000993 


15,750 


ADDITIONAL  SPECIMENS. 


No 

Diameter  of 

specimeu. 

( 

12 

1.2 

13 

1.2 

14 

1.2 

15 

1.2 

16 

1.2 

17 

1.2 

How  taken. 


Longitudinal.. 

do 

...  do 

— do 

. .  do 

....do 


Breaking 
weight. 


Poundt. 
35,700 
85.300 
37,000 
83.000 
33,900 
34,300 


Tenacity. 


81,506 
31,212 
89, 715 
29,188 
99,974 
30,328 


Record  of  measurements  with  star-gauge  of  body  for  12'inch  cast-iron  M*  L,  E.  mortar  hoop^ 

with  steel. 


[  Finished  for  reception  of  steel  hoops.    Prescribed  diameter  =11.95  inches.  ] 


'    e      ; 

;   2  . 

1 

Diameter  of  bore.  >| 

a 

Diameter  of  bore. 

'  i. 

Diameter  of  bore. 

1     «c  ®     , 

1, 

li 

C^     1 

2  a    ' 

1           iM     9 

lg  . 

Horizon- 
tal. 

11 
Vortical 

s 

Horizon- 
tal. 

Vertical. 

;|i 

Horizon- 
tal. 

Vertical. 

.    Q 

1 

« 

1  5 

1 
'  Inthes. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

'  Inches. 

Inches. 

Inches. 

2.2..., 

11. 951 

11.951    \ 

51.5... 

11.951 

11.951 

;     77.8.. 

11.952 

11.9505 

7.2...' 

11.951 

11.051 

62.5... 

11.951 

11.951     1 

82.    .. 

11.952 

11.9515  1 

12.2.. .1 

11.951 

11.950    1 

63.5... 

11.951 

<    11.9515  , 

'     86.1.. 

1     11.952 

11.9505 

17.2... 

11.951 

11.950    1 

5.1.8... 

11. 952 

11. 9515 

1     86. 3. . 

1     11.952 

11. 951 

22.2... 

11.9515 

11.951     , 

57.    ... 

11.952 

,    11.952 

1    90.    .. 

;    11. 952 

11.950 

27.2... 

11.951 

11.951 

60.4... 

11.952 

1    n.95l5 

92.2.. 

11.947 

11.947 

32.2...! 

11.  9515 

11.951 

60.6... 

11. 952 

1    11.951 

92.4*. 

11.848 

11.848 

.  37.2...; 

U.951 

11.951 

64.8... 

11.952 

!    11.951 

93.6.. 

11.8485 

11.848 

42.2...! 

11.951 

11.951    1 

69.1... 

11.952 

i    11.9315 

93.8.. 

11.849 

11.8475 

47.2...: 

11.951 

11.951 

69.3... 

11. 952 

i     11.951 

97.9.. 

1     11.8495 

11.848 

49.5...! 

11.952 

11.951 

78.5... 

11. 9515 

11.9515 

102.1.. 

11.839 

1     11.848 

60.5...' 

i 

1L951 

11.951  : 

1 

77.6... 

11. 952 

11.950 

102.3.. 

11.835 

,    11.838 

1 

*  The  di«tanc«  from  92. 4  to  102. 3,  both  inclusive,  are  within  the  chamber. 
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DiameUrSj  oompreasione,  and  exUntionM  •/  hort  of 

[Table  showing  dUmeten  of  bore  of  l2-iDoh  M.  L.  R.  mortar  before  hooping,  after  application  of  Bowa 

of  the  bore  dne  to  the  application  of  Row  A,  Row  B,  and  both  ruwa,  together  with 


Diameter  of  bore  ready  for  hooping,  itc. 


Under  hoop. 


H 
N 

a 


6 

o 

W 

a 
S 

JO 


After 
Before  hooping.'     application 
(a)  KowA. 

!  (6) 

I 


Cylinder  in  front  of  hoops  < 


Shonlder  in  front  of  hoops; 

!  Front  end 
Middle 
Rear  end 

!  Front  end 
Middle 
Rear  end 

S  Front  end 
Middle  
Rear  end , 

{Front  end 
Middle 
Rear  end 

Front  end 

Middle 


Ais 

Rear  end t 

i  Front  end "S 
Middle g 
Rear  end m 


After 

application 

RowB. 

(c) 


After  llBiali- 

ingezterior 

Row  B. 

(41 


In, 
49.5 
50.5 
51.5 
52.5 
53.5 

53.8 
57. 
00.4 
60.6 
64.8 
69.1 
69.3 
73.5 
77.6 
77.8 
82. 
86.1 
86.3 
90. 
*92.2 
r92.4 
93.6 
93.8 
97.9 
102.1 
102.3 


H. 


Inches. 
11.952  = 
11.9.51  . 
11.951 
11.  951 
11.951 

11.952 
11.952 
11. 9r.2 
11.952 
11.952  ; 
11.952  • 
11.952 
11.9515: 
11.952^ 
11.952 
11.952  ; 
11.952  : 
11  952 

11.952      ; 

11.947 

11.848 

11.8485 

11.849 

11.8495 

11.839 

11.835 


Inehu. 
11.951 
11.951 
11. 951 
11.951 
11.9515 

11.9515 

11.952 

11.9515 

11.951 

11.951 

11.9515 

11.951 

11.9515 

11.950 

11.9505 

11.9515 

11.9505' 

11.951 

11.9.50 

11.947  , 

11.848  I 

11.848 

11.  84751 

11.848  , 

11.848  i 

11.838 ; 

I 


H. 


Infhes. 
11.949 
11.948 
11.947 
11.947 
11.947 

I 
11.946  . 
11.945  , 
11.9445 
11.914  , 

11.943 ; 

11.943 

11.945  , 

11.943  I 

11.943  ! 

11.943 ; 

11.943 
11.943  I 
11.  9435: 
11.943  ! 
11.9S8  ; 
11.8365 
11.838  , 
11.838 
11.838 

« 

:     I 


V. 


V. 


Inehet. ' 

11.948  • 

11.948 

11.9475 

11.947 

11.9465 

11.946 

11.945  ' 

11.944  I 

11.944 

11.  943  ! 

11.943  ' 

11.943 

11.943  I 

11.942 

11.943  I 

11.94251 

11.948 

11.9435 

11.943  I 

11.9.')8 

11.838 

11.838 

11.838 

11.838 

♦ 
♦ 
♦ 


Inches.  Inches. 
11.9485!  11.948 
11.948 


11.947 
11.947 
II.  917 

11.946 

11.945 

11.94S 

11.941 

11.937 

11.938 

11.937 

11.937 

11.936 

11.937 

11.937 

11.937 

11.937 

11.936 

11.932 

11.832 

11.831 

11.6325 

11.830 


V. 


11.948 
IL  94751  11.949 


11.947 

11.94651 

11.946 

1L946 

11.944 

11.941 

11.944 

11.938 

11.936 

11.9S6 

11.935 

11.935 

11.935 

1L934 

11.9355] 

11.935 

11.9355) 

11.933 

IL830 

11.830 

11.839 

11.829 


11.948 
11.948 
11. 


11. 

1L946 

11.  MS 

11.  MS 

11.  MO 

ll.bS8 

11.938 

1L987 

11.937 

11.837 

11.817 

11.83r 

11.817 

II. 

11. 

11. 

11.8S3 

ll.USS 

11.811 


IL 

11. 

lL8f79 

lL8n 

11.817 

lL84f 
1L8M 
ILta 
ILMl 
ILin 

11.  m 
iLin 

lLi86 
lLi86 

iLin 

lLi86 
11.186 

iLns 

1L881 

iL8n 

11.8tt 
IL8S1 
lL8n 


*  In  trout  of  shoulder. 

t  In  rear  of  shoulder. 

X  After  application  of  the  hoops,  on  aecoant  of  the  compression  of  bore,  it  was  imposaible  to 
thia  diamot^^r  with  the  star-gaage  points  ased  in  measuntig  the  rest  of  the  chamber.  A%  101.4 
from  mnzsle.  the  farthest  point  to  which  the  star-gauge  could  be  inserted,  the  diametora  were 
lontal,  11.837  inches;  vertical,  11.832  inches. 
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l2inoh  M.  L,  H,  mortar  a$  affected  by  the  hooping. 

A  and  B,  after  finishing  exterior  of  Row  B,  after  finish-boring,  and  after  rifling ;  also,  the  compressions 
the  extensions  of  the  bore  dne  to  finishing  the  exterior  of  Kow  B  and  to  rifling. 


• 
N 

m4 

Diameters  of  finished 
bore. 

"■A 

(a- 

Compression  of  bore  due  to— 

cation 
\  rows, 
tal.) 
-c) 

Extension  of  bore  dne  to — 

P 

B 

1 

S 

After  boring  to 
prescribed  fin- 
ished diameter. 
(«) 

^  S 

If 

oation 

>w  A. 
-6) 

Application 
of  Row  B. 

Appli 

of  both 

(To 

(a- 

Finishing  of 
exterior  of 

RowB. 

(c-d) 

Rifling. 

s 

^8 

1 

a 

H. 

H. 

V 

H. 

V. 

H. 

V. 

H. 

V. 

H. 

V. 

In. 

Ineh4$. 

Inches. 

Inches. 

Inches. 

Inches 

Inchss. 

Inches. 

Inches. 

Inches. 

IfUhSH. 

Inches. 

In,  Inches. 

4» 

11.9995 

11.998 

11.9985 

.003 

.008 

.0005 

.000 

.0035 

.003 

.0006 

.001 

.001 +.0006 

50 

11.999 

11.998 

11.998 

.003 

.003 

.000 

.0005 

.003 

.0036 

.001 

.0006 

.0011    .000 

51 

11.998 

12.000 

11.998 

.004 

.0035 

.000 

.0005 

.004 

.004 

.001 

.0006.000     .002 

52 

11.998 

11.998 

11.998 

.004 

.004 

.000 

.0005 

.004 

.0045 

.001 

.0006 

.000!    .000 

53 

11.999 

11.998 

11.999 

.004 

.005 

.000 

.0006 

.004 

.0055 

+.001 

.001 

.000 +.061 

54 

11.9985 

11.9975   11.9985 

.006 

.0055 

.000 

.000 

.006 

.0065 

.000 

.000 

.  000  +.  001 

S7   11.998 

11.998.'>   11.998 

.007 

.007 

.000 

.001 

.007 

.008 

.000 

.000 

.000|     .0005 

«0   11.998 

11.998     11.998 

.0075 

.0075 

.0015 

.003 

.009 

.0105 

.000 

.001 

.000     .000 

61 

11.998 

11.998     11.998 

.008 

.007 

.003 

.000 

.011 

.007 

.002 

■f.OOO 

.000     .000 

04 

11.998 

11.998 

11.998 

.009 

.008 

.006 

.005 

.015 

.013 

.003 

.000 

.000,    .000 

69 

11.998 

11.999 

11.998 

.009 

.0085 

.005 

.007 

.014 

.0156 

.000 

.000 

.000 

.001 

70 

11.998 

11.999 

11.998 

.007 

.008 

.008 

.007 

.015 

.016 

.001 

.000 

.000 

.001 

73 

11.998 

11.999 

11.998 

.0085 

.0085 

.006 

.006 

.0145 

.0165 

.000 

.000 

.000 

.001 

77 

11.998 

11.999 

11.998 

.009 

.008 

.007 

.007 

.016 

.016 

.001 

.000 

.000 

.001 

78 

11.998 

11.999 

11.998 

.009 

.0075 

.006 

.008 

.015 

.1165 

.000 

.000 

.000 

.001 

82 

11.998 

11.999 

11.997 

.009 

.0090 

.006 

.0085 

.015 

.0175 

.000 

.001 

.001 

.002 

86 

11.998 

11.999 

11.998 

.009 

.0075 

.006 

.0075 

.015 

.0160 

.000 

-f.0005 

.000 

.001 

87 

11.998 

11.999 

11.998 

.0085 

.0075 

.0065 

.0085 

.015 

.016 

.000 

.000 

.000 

.001 

90 

1L999 

11  999 

11.998 

.009 

.007 

.007 

.0076 

.016 

.0145 

.000 

.000 

.001 

.001 

92 

11.991 
11.991 

11.994 
11.994 

.009 
.0115 

.009 
.010 

.006 
.0045 

.005 
.008 

.015 
.016 

.014 
.018 

.0006 
.001 

+.002 
.002 

92 

93 

11.849 
11.848 
11.847 
11.8465 

11.849 
11.849 
11.848 
11.843 

.0105 

.011 

.0115 

.010 

.0096 

.010 

• 

.007 

.0055 

.008 

.008 
.009 
.009 

.0176 
.0165 
.0195 

.018 

.0186 

.019 

.002 

.0005 

.001 

.002 
.002 
.003 

94 

98 

10? 

103 

.... 

1 

1 

- 
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Becord  of  measiirrmentH  trUh  star  ffavf;e  of  the  finished  hrrej  after  i-ifiing^  of  \'l"  M*  L.  R, 

morfar^  hooped  icHh  stetL 

I  Prescribed  diameter  =  12''.  | 


After  rittin*:. 


After  ridiDg. 


After  litliDf;. 


AfltT  lifting. 


e 
•J 


X 


O 

c 
c 

u 
o 


s 

9 

o 

ei 


X 

m 
u 

< 


6C 


< 


S 

c 
c 

« 

5 


il 


E 

o 

S 

a 
3 


-3 
S 

s 

£ 


> 

s 

& 

s 

£ 

< 


1 

o 

3 
4 

5 
G 

f« 

I 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


11.999 
11.999 
11.999 
11.999 
11.999 
11.999 
11.999 
11.999 
11.998 
11.908 
11.998 
11.998 
11.998 
11.998 
11.999 
11.999 
11.999 
11.998 
11.990 
11.998 
11.998 
11.998 
11.998 


12.117 
12.117 
12.117 
12.117 
12.117 
12.117 
12. 117 
12.118 
12.119 
12. 120 
12.118 

12. 117 
12.  U8 
12  118 
12.118 
12.  116 
12.116 
12.117 
12.118 
12.118 
12.117 

12. 1 18 
12. 118 


24 
25 
26 
27 


11. 
11. 
11. 
11. 
28  11. 


29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 


11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 


43  11. 

44  11. 


45 
46 


11. 

n. 


998 

998 

998 

998 

998 

998 

998 

998 

998 

998 

9!>8 

999 

998 

998 

998 

Ii98 

998 

999 

9985 

998 

998 

998 

998 


12.118 
1-2. 117 
12. 117 
12. 117 
12. 117 
12. 117 
12. 117 
12. 117 
12.117 
12.117 
12.117 
12.117 
12.118 
12.117 
12.117 
12.117 
12, 117 
12.117 
12. 117 
12.117 
12.117 
12.117 
V2. 118 


47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
GO 
61 
62 
63 
64 
65 
66 
67 
68 


11.998 

11.998 

11.9985 

11.908 

11.998 

11.998 

11.999 

11.9985 

11.999 

11.998 

11.998 

11.998 

11.998 

11.998 

11.998 

11.998 

11.998 

11.998 

11.908 

11.998 

11. 9975 

11  998 

11.008  ! 


12. 117 

12. 116 

12. 116 

12.116 

12.116 

12.116 

12.116 

12.116 

12.116 

12.1165 

12.1165 

12.116 

12.116 

12. 116 

12.116 

12.116 

12.116 

12.116 

12.116 

12.116 

12.117 

12.117 

12.117 


'I 


70 
71 
72 
73 
74 
75 
76 
77 
78 
70 
80 
81 
82 
83 
84 
85 
86 
87 
88 
80 
00 
00.25 


11.908 
11.008 
11.908 
11.008 
11.008 
11.007 
11.008 
11.098 
11.098 
11.008 
11.008 
11.007 
11.007 
11.908 
11.008 
11.  998 
11.008 
11.908 
11.008 
11.008 
11.008 
11.097 


12.116 
12.116 
13.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12.116 
12.117 
12.116 
12.116 
12.116 
12.117 
12.118 
12.118 
12.116 
12.117 
12.117 
12.117 


I 


I 


Rifling. 

Depths  of  grooves  in  fininhtd  bore  of  1*2"  M.  L.  R,  mortar^  hooped  tcith  steel,  showing  iif" 
ftrenoes  between  the  diameters  of  the  bore  measured  across  lands  and  grooves, 

[Pr©8cribe<l  di»meter=  12".     Depth  of  croovea.  TOax.  =  ".  065  :  niin.  =".  060.  ] 


o 


3 

4 

5 

6 

I 

8 

9 

10 

11 

12 

13 

14 

!.■» 

K) 

17 

18 

19 

'20 

'21 
•>•> 

23 


a 


Inehf4. 

118 
118 
118 
118 
117 
118 
118 
119 
121 
122 
120 
119 
120 
120 
119 
117 
117 
119 
119 
120 
119 
120 
120 


9 


Inches. 
.059 
.059 
.059 
.059 

.o:>85 

.059 

.  059 

.  0595 

.0605 

.001 

.WU) 

.  059.'> 

.060 

.060 

.  0595 

.  058.5 

.0585 

.  0.->95 

.  0595 

.060 

.0595 

.060 

.060 


s 
c 

C   9 

C 


ei 


24 
25 
26 
27 
28 
29 
30 
31 
32 
3:1 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 


a 
u 


Inches. 
.120 
.119 
.119 
.119 
.119 
.119 
.119 
.119 
.119 
.119 
.119 
.118 
.  120 
.119 
.119 
.119 
.119 
.  118 
.1185 
.119 
.119 
.  119 
.  120 


n 
5 

km 


Inehf-B. 
.060 
.  0595 
.  0595 
.0595 
.  0595 
.0.>95 
.  0595 
.  O.M)5 
.  0595 
.0595 
.0595 
.  0595 
.060 
.0595 
.  O.Sa") 
.  0.595 
.  0595 
.0.59 
.  05925 
.0595 
.  0595 
.  0595 
.060 


S 

o 

Ok 


47 

48 
40 
50 
51 
52 
53 
54 
,55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


9 


'^ 


Inches. 
.119 
.118 
.1175 
.118 
.118 
.118 
.117 
.1175 
.117 
.1185 
.1185 
.118 
.118 
.118 
.118 
.118 
.118 
.118 
.118 
.118 
.1105 
.110 
.110 


> 

9 

c 


9 

Q 


!  Inches. 

!  .0505 
.050 
.05875 
.050 
.050 
.050 
.0585 
.05875 
.0585 
.05025 
.05025 
.050 
.050 
.050 
.050 
.a50 

.a50 

.0.50 

.059 

.050 

.  05975 

.0505 

.0.^05 


B 

O 
.fa. 


9  9 

"a 

K 


i 


70 
71 
72 
73 
74 
75 
76 
4  4 
78 
70 
80 
81 
82 
83 
84 
8S 
86 
87 
88 
89 
00 
00.25 


c 

e 

9 

£ 

a 

3? 

;e 

^* 

pm 

Inches. 

Inekss. 

.118 

.059 

.118 

.059 

.118 

.059 

.118 

.059 

.118 

.059 

.110 

.0595 

.118 

.059 

.118 

.059 

.118 

.059 

.118 

.t>59 

.118 

.059 

.120 

.060 

.110 

.0595 

.118 

.OM 

.118 

.059 

.119 

.0595 

.120 

.060 

.120 

.060 

.118 

.059 

.119 

.a^9S 

.119 

.0395 

.120 

.090 
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LUMINOSITY  OF  HEATED   STEEL. 


Clarke*  says  the  hiininosity  or  shades  of  temperature  have  been  ob- 
served by  M.  Pouillek,  by  means  of  an  air  pyrometer,  to  be  as  follows: 


LnnuDositv. 


TemperRture. 


CVntigmde.     Fiihreulieit. 


I>fgref9. 

Nascent  ix'd .525 

Dark  ivd 700 

Nascoiit  t  herrv-roil 800 

C  h  o  rr  y  - 1  e it . . . .' 000 

Bri^sht  clu'iryrcMl ',  1000 

V»ry  Ut»*»p  oiauf^c 1100 

Brijih  t  orauise , •  1300 

Whiti- :  1800 

•  Sw.atiiip  *•  white 1400 

DazrJiun  white ■  IfiOO 


»77 
12ft! 
1472 
1652 
1832 
2012 
2102 
2372 
2552 
2732 


Record  of  inKpection  and  measurements  of  hoopiuif  of  V2-iHch  muzzU'loadiitg  rifled  mortar^ 
hoojH-d  tcith  uteel  manufactured  at  South  lioston  Foundry  undtr  contracti  dated  Septemhtr 
».>4,  I8^<:i,  and  June  2H,*  1884. 

HOOPS. 


Mark  or  nii 

mber. 

Kow.' 

.     A 
.     A 
.     A 

A 
.      A 
.      A 

A 

A 
.     B 
.      B 
.      B 
.      B 

B 

B 

Mean         ,^r«° 

Inches, 
Inrhr*.     In  place. 

6.  999           3.  033 
a  740          2. 457 
8.  503           2.  454 
a  504           2. 451 

7.  496          2.  451 
a  51<»           2.  451 

8.  503          2.  451 
a  498           2. 451 
7.  505          2.  520 

14.  000           3. 251 
a  310          2.780 
a  310           2.  780 
a  311           2.779 
a  320          2.  780 

Zt)NES  TO 
jer. 

lDt4.>rior  diameton. 

Ist. 

Inches. 
30. 0057 
30.9063 
31.0tK)6 
30.9967 
30  9956 
30.  995;J 
30.0948 

30.  9970 
35. 8956 
35.8047 
35.  8955 
35.8059 
35.8966 
35.  8958 

BK  uoor 

iRt. 

Inches. 

31.  o;c>4 
31.  ii:»4 
31.0112 
31.  0388 
31.  o:i82 
31. 0395 
31.  0389 
31.  U4U2 
35. 9330 
35.  0470 
35.M17 
35  9414 
35.0418 
35.0400 

2d. 

Inches. 

30.0054 

30.0054 

30.0008 

30.0065 

30.0959 

.*M).0050 

30.0058 

30.0072 

35.8066 

35.8062 

35.8056 

35.8940 

35.8063 

35.8953 

ED. 

Mean  e: 

2d. 

Inches. 
31.0343 
31. 0325 
31.0408 
31.  »W8l 
31.  0376 
31.a386 
31.  0378 
31  0392 
:i5. 9332 
35. 0481 
35.0303 
35.0:i»0 
35.04U0 
35.0381 

3<l. 

Inches. 

30.0056 

30.0050 

30.0082 

30.0054 

30.9063 

30.0151 

30.9062  . 

30.0071 

35.8065 

35.8062 

35.8056 

35.8051 

35.8071  . 

35.8067 

iterior  dia 
3«1. 

Inches.   '• 

31.0341 

31. 0328 

31.0411 

31.  m85 

31.  0376 

31.0301 

31.0385 

31.0390 

3,5.  0328 

35.0477 

3&0418 

.^5.<»411 

35.0410 

35.0300 

4th. 

Inchss, 
30.0055  . 
•30.01KW 
81.0003  . 
30.0057  > 
80.0068  ; 
80.0047 
80.0057 
30.0000 
35.8057 
35.8044 
35l80S3 
85.8067 
35.8060 
35.8090 

Mc«n. 

1 

Inehm, 
b 

3O.9N0 

3 

4 

5 

80. 9016 
30.9061 
80.9061 

f. 

1........... ... 

M.09N 

ij 

80.9970 

1 

•» 



85l8968 
35.8964 

3     

85.9955 

4 

85.8954 

85^8967 

6 

Mark 

85.8H5 

or  nuinl 

• 

meters. 
4tb. 

Inches. 

31.0340 
31.0.137 
31.0408 
31.0380 
31. 0370 
31.0302 
31.0383 
31.0304 
3.5.0331 
35.04i)l 
35.0414 
35.  0412 
8.1.  Olio 
85.8806 

Meu. 

Vmh  r— 

Ai 

A.. 

A3 

A4 

A; 

a. 

31.03U 
3I.V331 
8L0410 
31.0884 
31.0378 

A,;                     ..    . 

31.0301 

At     

31.0384 

\s 

31.0307 

]»„          

35.0330 

]>?  (tniuiiion)  . 

Ih .. 

lU 

Bs 

lU 

85lOI80 

3.V041) 
35w0407 
85.0114 
85.9891 

*  Clarke's  Mnnnal  of  Rules,  Tables,  ami  Data  for  Mecbauical  Engineers  (1884),  p. 
:«8. 
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INITIAL  TINfllOK. 


9,  Bspart  of  Chlsf  of  OidnMM, 


Phgrieal  propertit*'  of  the  MidvaU  «lMt  koopt. 


SMp. 

LMgtb 

Oj.p«. 

liin"p^ 

Inch. 

T«1»U< 
.t«ngth 

mptore. 

C.„t 

2^„ 

Iwki 

unt 

As.. 

iiiiwo 

W.«T 

M.4 

•(I) 

X 

(W2IM 

""'^„ 

11T.900 

""^"IT'"*"- 

U.« 

IDB.  440 

MB 

*(<) 

.Win* 

pr«.to,i.p«im«». 

IB  cinu  1m  till*  tabia  vu  klndlf  fBialilwa  by  Uant  I.  X.  Hobbs,  OcdoaDM  Dtptn 
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Report  of  inspection  and  proof  of  12-inch  mortar  rifle  No,  1  (eaat  iron,  hooped  with  $iea) 
fabricated  at  the  South  Boston  foundry^  under  contracts  of  Chief  of  Ordnance,  dated  Sep- 
tember i>t.  188;i,  and  June  28,  1884. 


Subject  of  measarement. 


Lenjrth  of  chamber 

Length  of  rifle<l  part  of  bore 

Total  length  of  bore  

Thicknetw  of  metal  at  breech 

Total  lenpth  of  mortar 

Diameter  of  liore  across  lands 

Diameti  r  of  chamber 

Length  of  vent-bnshinK 

Diameter  of  vent  bushing 

Pitch     of    screws     on    vent-bnshing 

fthrooils  per  inch). 

Diameter  of  vent 

Distance  of  vent  from  bottom  of  cham- 

l>er. 
Distance  of  vent  to  left  of  vertical  plane 

through  axis  of  bore. 

Nnmber  of  grooves  and  lands 

Width  of  grooves 

Depth  of  grt>oves 

Width  of  lands 

Lands  rounded  with  radinsof 

Radius  of  fillet  (bottom  of  lands.) 

Twist 

Full  depth  of  grooves  begins  at  inches 

from  charab<*r. 
Distance  of  chamber  to  beginning  of 

riding, 
Exterior  diameter  of  gnn  at  1  inch  from 

mur.zle. 
Kxterior  diameter  of  gnn  at  shoulder 

in  front  of  hoops. 
Exterior  diameter  of  gun  over  hoop  Ai 
Exterior  diameter  of  gun  over  hoop  Bi 
Exterior  diameter  of  gun  over  trunnion 

hoop. 
Exterior  diameter  of  gnn  over  hoops  Bs 

to  B«. 
'HxterioT  diameter  of  gnn  over  hoop  Ai 
Exterior  diameter  of  gun  over  breech. . 

Diameter  of  trunnions 

Length  of  trunnions 

Length  of  surface  of  gun  hooped  (row  A) 
Diameter  of  same 


DIMVNSIOHB. 

VARIATIONS. 

Prescribed. 

Actual. 

19.25 
92. 

11L25 
1&2 

127.45 

11.998 

11.848 

15.875 

a98 

8. 

.2 
4.95 

.3 

40 
.6425 
.0595 

:Si 

.08 

1 

Allowed.  .Actnal. 

1&5 

+.75 

92. 

i        0 

110.5 

+.75 

17. 

—.8 

127.5 

—  OR 

12. 

11.85 

15.875 

1 

-r- 

003  :-.002 
003  1— .002 
'        0 

0.98 

0 

8. 

1 

.2 

'•• 1'*" 

5. 

!— .05 

3. 

1 

i 

40 

..........|. ....... 

1 

.6425 

1 

.005 
3 

005  i~.0055 

.01 

, 

.08 

1 

Remarks. 


Details  as  to  dimen- 
aions  of  hoopa  and 
shrinkages  will  be 
found  on  anotlior 
sheet. 


1.75 
0.5 
22.54 
32.5 


•  75 
0.5 
22.542 


32.52 


:    002 
+.03 


Increasing  from  one 
turn  in  100  cala. 
at  the  origin  to 
one  t  iiru  in  35  oale. 
at  3^  inches  frmn 
muscle:  then  uni- 
form, and  one  tnm 
in  35  CAla.  to  tlM 
mnssle. 


37.1 

1    37.1 

41. 

1    41. 

42.4 

42.45 

+.05 


41.5 

35.9403 
31.0386 
12. 
6. 
65.75 


41.5+ 


35.9405  , +.0002 

31.039 

11.99      I -.01 

6.  


Length  of  surface  (inner  row)  hooped  54. 75 

(row  B). 

Diameter  of  same 

Distance  from  muzzle  to  cylinder  in 

front  of  hooj>s. 

Length  of  cylinder 

Distance  from  tmnnions  to  muzzle 

Distance  from  rear  hoop  to  tangent  at 

breech.       , 

Number  of  hoops,  innerrow 8 

Number  of  hoops,  outer  row 6 


49.5 

4. 
75. 
8.25 


49.5 

4. 

74.92 
8.25 

8 
6 


Varies  for  each  tone. 
(See  Uble.) 


Varies  for  each  sene. 
(See  toble.) 


-.08 


Marks  on  " face"  of  morUr :  "  12inch  S.  B.  L  W.,  —1884,     D.  A.  L.    Wt.  30.330 ponnda." 

Weight.  30,330  pounds. 

Preponderance  at  tangent  to  breech,  124.4  pounds — say  125  pounds. 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


207 


Data  relative  to  shrinkage  of  hoops, 
[12-incb  M.  L.  rifled  mortar.   Third  approximatioD.    Exterior  of  finished  turned  bore  ".05  small.] 


Sections. 


6c 


Theoretical  shrink- 
ages. 


4>i 


Thou- 
tandtht. 


B4 

B» 

Bt  (trnn- 
nioD.s)  . . . 

B, 

Ai 

Cylinder  in 
front  of 
hooping.. 


\ 


1.400 


1.400 
1.2«0 
1.324 


^ 


Actual  shrinkages. 


Thou- 
tandtht. 


1.225 


1. 425 
1.110 
0 


1 


TJiou- 
tandths. 
1.376 
1.309 
1.420 
1.345 
1.355 

1.347 
1.200 
1.255 


0 


Thou- 
sandthM. 
1.210 
1.241 
1.258 
1.258^ 
1.266^ 

1.401 
1.02T 
0 


Anticipat- 
Theoretical  ed  compres- 
oompres-   igion  of  bore 
sion  of  borei  proportion- 


Actual 
_^        I  ^.  .^i^w.  v.vu  I  compres* 
_?       :al  to  that  in  sion  of  bore 
R         {experiment- 1 
al  cylinder,  j 


Thou-  Thou- 

tandtht.        tandths. 

Bottom  of  chamber.* 

tl.211!  tl.229 
1.216  1  1.104 
0    I     1. 210 


1.201 
1.10 

:.7«i 


1.200 

.995 

:.747 


Thou- 
sandths. 


1 1. 351 
1.2T7 
1.286 


'Pressure  in 
'pounds  per 
'square  inch 
JcorreRpond- 
I  ing  to  ac- 
I  tual  com- 
pression of 
bore. 


Pounds. 


t24. 100 
23, 000 
23,200 


1.251 

1.005 

.805 


.251 


22,500 
19,  500 
15. 400 


5,400 


Hkmarkb. — An  absolute  error  of  ."001  in  the  star-ganging  is  equivalent  to  a  relative  error  of  .084 
ihoasandths. 
*  Owing  to  contraction  of  bottom  of  chamber,  due  to  its  form,  measurements  could  not  be  made, 
tin  chamber. 

X  This  does  not  take  into  account  either  the  resistance  due  to  the  unhooped  portion  just  in  front  or 
the  aid  derived  from  hoop  B  just  in  rear. 

CHAS.  S.  SMITH, 
*  Captain,  Ordnanes  Departmmit. 

Obdxancb  Officr,  November  11,  18C4. 


PLATE  I. 


V3r'-4fc.r-fc  -I 


^^  I  a  mala  a.mi.   Ur9o^m9 


•  •• 


.'V 


J  >m. 


4 

I 


5 


X   '^ 


4 


^ 


I 


/. 


^ 


i/O.S     ._ 


7S0 


Ma.£ 


I 


^ 


•      t. 


u».        / 


*>   .•«        ■^ 


A2    •  ' 

■ 
I 


»     O 


^/- 


//  ^  T. 


;?^/fr  t'r'^'^    CAte/^  ^ 
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MZPMBIMBIfTAL  CYLINDER  FROM  THE\2'INCH  CASl-IRON RIFLED  MOB 

TAR,  HOOPED  WITH  STEEL. 

By  Gapt.  D.  a.  Ltlb  and  Libut.  H.  D.  Bobup. 

Composition. 

The  experimental  cylinder  for  the  12-iuch  cast-iron  mnzzle-loadin( 
rifled  mortar,  hooped  with  steel,  was  composed  of  three  parts,  viz : 

(1)  The  body  (cast  iron). 

(2)  The  A  hoop  (Midvale  steel). 

(3)  The  B  hoop  (Midvale  steel). 

Matebials. 


(1)  The  cast-iron  body. 

This  wae  taken  from  the  lower  end  of  the  sinking  head  and  near  th< 
■Qttleof  the  mortar.  An  initial  tensiouring  3  inches  thick  wastakei 
oot  between  the  face  of  the  piece  and  thebo<ly  for  the  experimental  cyl 
inter.  The  end  next  to  the  muzzle  was  marked ''  face,"  and  is  so  desig 
Mtodin  all  references  to  this  end. 

(2)  Hoops. 

Tkflse  were  from  Midvale  open-hearth  steel,  and  were  marked  as  fol 
bwi:  the  inner  hoop,  Ar;  the  outer,  Bx.  The  hoops  were  received  ii 
the  loagh-ft  uished  state. 

DimenHons  and  weights  {rough  finished). 


w!%kt. 


dlMDcicT   J inches. 

do., 

do.. 

pounds. 


Hoop  Ao;. 


86.48 

80.74 

7.4 

028 


Hoop  Bo. 


41.1 
85  ( 

7. 

7J 


Tablb  a. — Test  epecimene. 
[Taksn  flr(»ninitl«l  tension-ring  next  to  the  maszle  before  hooping.] 


How  taken . 


Taageotlsl,  inside. 
Tangential 

do 

Longltiidinal 


Numbers. 


Nos.  4  and  5 

Ko.  6,  inside ;  No.  7.  out- 
side ;  No.  8,  inside. 

Nos.  1  and  11,  in  aide ;. 
Nos.  2  and  10,  middle ; 
Noe.  8  and  9,  outside. 

Nos.  12.16,17.  and"out." 
outside:  No.  13,  mid- 
dle; Noh.  14,  IS.and  "in- 
side," inside. 


Where  tested. 


Watertown  Arsenal. 
Do. 

Sooth  Boston  Iron  Works. 


See  pases  482. 4K3,  Report  < 
C  bier  of  Ordnance,  1884,  fi 
tests. 


i 


4005  <»D ^14 
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Tablb  B. — Te9t  Bpecimem, 
[Taken  from  initial  tonaion-ring  frt>in  * '  fiaoe"  of  experimental  cylinder  after  nnhooping.  Diak  s:2.S  inchi 


No.  of 
apeci- 
men. 


8. 
8. 

8. 

I. 


Kind. 


Tenaion  ..... 
Compreaaion. 


...do.... 
Tenacity. 


How  taken. 


Tangentially,  inaide. 
Tangentially 


BadiaUy 

Tangentially. 


Nnmbera. 


Where  teated. 


Noa.  1  and  2 

No.  8,  inside ;  No.  4,  ont- 

side. 
Noa.  8  and  9,  taken  fh>m 

oppoaite  sidea. 
No.  9,  oataide ;  No.  10, 

middle;  No.  11,  inaide. 


Watertown  AraenaL 
Do. 

Do. 

South  Boston  Iron  Woiks. 
See  page  488,  Bepml  oi 
Chief  of  Ordnance,  U.8JL., 

1884. 


Initial  Utuion-ring  taken  from  the  muMJule  of  l^inck  M,  L,  ryied  mortar,  between  tka  fi 

and  the  experimental  eyUnder, 


(13; 

^>— ^       ^ — ■ 

[Intiiml  Tnu%0n    Oui.''^-' 


JO 


11 


\. 


7 
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INITIAI.  TKNSIOM. 

IDalannined  from  tha  two  dliki  netsd  atwre.    For  dstalla  Ha  p^p  481,  Baport  of  Chiaf  of 


Fhftkal  j>roi)«rtfM-  0/  the  MHvaU  ((mI  hoop*. 

Hoop. 

Lengtb 

EluUo 
Umllpet 

BlutiD  e<- 
Miiaion. 

TtDaQe 

^^x?- 

OfUM. 

Ai.. 

Bi.. 

•(I) 

K 
01 

«• 
w 

n<l<. 

IKI> 
BOO 

000 
IMD 
000 

J 

oosioo 

IMXU33 
003000 

00  m» 

Paundi. 

IIS, ioo 

112,900 

lit  000 

111.870 
111,080 
110.800 

IIT.BOo" 

F4r<ntit. 

ii.3 

IZ.BT 
12.  «T 

15.3 

10.0 

prsHlon  spscl 

PtctrU. 

"'        31. « 

33.' S 
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Ck>mpuiaHon8  ofeUuHo  itrength  q/  experimental  cylinder  from  Vi-inek  M,  L,  rifled 
[Data  ftuniahod  by  the  Ordnance  Office  from  the  phyaical  teste  of  the  metal  made  before  hooplnc*] 


Caat-iron  body. 

Hoops  ICidrale  steeL 

R«  =  6" 
00 «-  5  tons. 
p«=:9.25tons. 
co=  . 0006  (at  E. L.). 
B«~8,883tons. 

Ri=I6''.6 
R«=17".96 
R,  =  20".76 

Jj  =  Jj|  =  2t.  208  tons. 

ci  =  ff»    =r.  00165  (at  KL.). 
Bi  =  B«  =14.063  tone. 

Comparieon  of  principal  reaulte  obtained  from  oomputatton. 


Subject. 

Computer. 

Capt  C.  a  Smith. 

Lieut  H.  D.  Bornp. 

Capt  D.  A.  Lyle. 

Pt 

Pi    

P» 

P* 

pi. ........ 

8.689 
7.618 
12.0633 
0. 4245  X  pi 
(-)  1. 3123 
6.306 
4.251 
2.055 

.0008745 
(-).  0014575 

.000553 

.601795 
.001581 

3.689 
7.  6174 
12.0628 
0. 4245  X  Pi 
(-)  1.8308 
6.2866 
4.2508 
2.03SA 

.0008874 
(-).  0014791 

.000568 

.  011789 
.00l.'i7l8 
.055459 
.0564276 

8.689 
7.6179 
12.0633 
a42457xpi 
(-)  1  S»iZ- 
&2K76+ 
4.2508- 
2.U868+ 

.0008876 
(-) .  0014792 

.000563+ 

.001798 
.0015705+ 
.005736 
.056706+ 

Pi  -f  pi... 
(Pi+pi).- 

Difir 

MAR* 

R« 
•AR« 

"Ro    

tAR« 

.K.    

Ql 

^ 

1:::::::: 

.0.^)658 
.056754 

Adjusted  for  allatped  variation. 


^1  ••••••  .  -• 

.00168 
.00168 
.0522 
.0608 

.00168 
.00167 
.0520 
.0599 

.001685 

.ooion 

.05224 
.06020+ 

^ — 

Si 

St 

*  System  at  rest 


t  System  in  action. 


INSTRUCTIONS. 

The  following  instructions  were  received  from  the  Ordnance  OflQce,  U.  8.  A^,  is  nh 
gard  to  the  hooping  experiments,  viz: 

Ordnanck  Office,  War  Drpartmknt, 

n'aehington,  D,  C,  Maw  6,  1881 

Sir  :  By  direction  of  the  Chief  of  Ordnance  I  have  to  reqnest  that  yon  will  plcaU 
cause  the  work  of  hooping  the  experimental  cylinder  taken  from  thn  \2-incli  mofltf 
casting  to  be  proceeded  with  so  soon  as  the  hoops  are  received  from  theMidvmle  Stiil 
Works,  using  for  this  purpose  the  two  hoops  marked  Ax  and  Rr,  respectively. 

Instructions  are  herewith  inclose<l,  giving  the  prescribed  shrinkages  for  this  iB> 
perimental  hooping  and  showing  how  the  work  is  to  l>e  executed. 

Great  care  will  he  required,  hoth  in  the  supervision  and  execution  of  this  woi1C|if 
the  shrinkages  actually  obtained  will  be  greater  or  less  than  the  prescribed  bej«ai 
the  allowed  variation. 

A  preliminary  report  will  be  made  as  early  as  practicable,  giving  the  mean  diameltn^ 
the  shrinkages  actually  obtained!  the  successive  compressions  of  the  casting  with  Ihi 
hoops  in  place  and  the  extension  of  the  hoops,  and  the  restoration  and  pen 
set  of  the  casting  and  of  the  hoops  after  the  successive  removal  of  the  hoops. 
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A  farther  ftn"lniort-cotiip|pterr|«irt  may  liflmilnriiltc<iHiil)g*(infTit.ly,Bhomiiig  in  tabn- 
W  fonD  (lie  ftl>iiciluti>  iiieaiiiirFiiii'iitH,  witb  tliu  liiipur  nml  prniinrtioualdiflereuueHjaod 
a  r(-oa]iilulDt.iu[i  of  tliti  fci^iieral  ttl('ris|ir<>iliu'i'<l  cm  tbi-  raatiiig  aiidoo  tlioLooiis  with 
tbe  houim  ill  plut'p  ami  ^^tl^r  tlinii'  rFtiiovitl,  no  fiir  na  tbat  maj-  be  done.  (See  in  this 
-^-  -lection  NotM  ou  the  Coustriirtiuu  of  Orriiiancc',  Nob.  14  and  2C.) 
BospeotriiUy,  jour  ob'l  aecv't, 

GHARLC8  S.  SMITH,     ' 
_  CnjiUin  of  Ordnantw,  I'rineipal  Jaiulaitl, 

■  Gapt.  D.  A.  Ltuc, 

Ordnanen  Dtp!.,  V.  S.  A.,  Boiion,  Man. 


^M  foil 


r  Vi'ineh  Bitur«f#. 

-(1}  TliB  iDlrriur  iliamoter  i>r  tlin  llrst  or  inner  lioop  to  lin  turned  to  a  mean  diaui- 

•r  of  31   inrlics.  wilh  an  "  uIIuwriI  varinli«n  "  of  — O.OilM  inch;  tbo  interior  ili- 

ametcr  of  the  ai-i-nml  or  outer  honp  to  bo  turned  to  n  menu  diameter  of  35.5  inuhea, 

wHb  an  "  allowed  rarlution  "  of — .00%  inch  ;  the  Itmgtha  of  the  two  hoopfi  to  be 

the  iame.sDd  as  near  7.25  inches  an  posmlile.     Aa  regBidH  the  paralleliamof  theends,    ' 

Hntricit;,  and  conicaluens  of  the  interior  sitrfacee,  tbe  "  allowed  varlatioDa"  (obe 

follows:  For  parallel!  sui,  0.0035  inch;  for  eccentricily,  0.1)05  inch;  for  conicalneas, 

'.)  The  ciMliiie  tii  b«  bari'd  to  »b  near  12  inches  as  possible,  and  not  exceeding 
i  inched;  the  ondv  to  be  squared  np,  aiving  a  right  cylinder  with  parallel  bases 
inches  in  lengtli.  The  ett^rior  to  be  tiirueil  to  a  mean  diamoter  eqnal  to  the 
ainleriurdiamettTof  IhelirHtbooppluBaHhrinbageof  t  .UUllJcfincbperinch  of  that 
diameter,  with  an  "  utlnwed  variation  "  between  the  prescribed  diameters  of  the  aur- 
fac«s  of  contact  or+<I.DU35  Inch  and  —O.CUU  Itich. 

(3)  After  tbe  tirst  hoop  baa  been  put  In  place  on  the  casting  and  has  oooled,  the 
exieriur  to  be  turned  to  u  diameter  equal  to  the  interior  diameter  of  tbe  second  hoop 
pine  a  shrinkage  oft  .0016t<  inch  per  ineb  of  that  diamettrr.  with  an  "allowed  varia- 
tion "  of  — 0.0039  inch  and  -|-l).00()  iNi:li.  I'he  exterior  of  tills  hoop  may  be  tnmed  to  the 
finiiihed  diameter  of  41.5  inch  before  the  hooping,  which  ia  not  admiMible,  however,  in 
.the  actual  hooping  of  guns.     The  "  allowed  variation  "  for  this  diameter  to  be  U.Oit 

hi  (4)  As  soon  as  practicable  after  the  required  measiiremeats  have  been  taken,  the 
^ctw  to  be  succeaaivels  expaaded   by  beat,  and  tbe  eastiug  withdrawn,  aft«r  the 

Ma  (leaoribeit  in  "Notes  on  CouHtructioo  of  Orilnauce,"  No.  14,  pa)(e3. 

"ha  hoop«  to  be  removed  from  tbe  bath  of  niolten  metal  aa  speedily  as  possible 
IT  the  withdrawal  of  the  casting,  to  prevent  their  being  iojnted,  aefar  aspoasible 


le  casting  prepared  for  hooping  is  to  be  plsued  vertically  on  skids,  the  boie  closed 
•t  bottom  with  a  wooden  diitk  made  water-tight  with  clay  around  the  inside  of  the 
cylinder  and  having  a  ^iiich  hide  in  (he  oenter  for  the  exit  of  (he  oold  water,  with 
whichthe  bore  is  to  be  kept  filled  by  a  hose  during  the  operation.  Tbe  hoops  niaj  ' 
be  hefted  for  application  by  a  wood  dre  surrounded  by  a  flask  of  iron. preferably  a 
perforated  sheet-iron  cylinder  open  at  the  ends,  which  will  take  up  little  heiit  and 
allow  a  close  approach  to  tbe  fire.  Care  should  be  taken  to  bitve  the  huops  heated 
nnifonuly,  and  to  avoid  raising  the  heat  too  high.  A  temperature  of  about  6(KP  F.  will 
Boffice,  andtheexpanaiunof  thehoop  should  be  kept  within  about  twice  tbe  prescribed 

ahrinkage,  say  from  j^jjj-tOjjjjjjj  of  the  interior  diameter.   The  hoop  after  being  t«kea 

from  the  lire  is  to  be  brushed  ulean  and  lowered  npon  Che  casting  nntil  it  rests  upon 
supports  that  shall  maintain  it  centrally  on  tbe  casting,  or  at  equal  distances  fxara  the 
two  ends.  The  transfer  from  tbe  lire  to  the  casting  shoold  be  effected  without  UQ- 
necessaiy  delay,  as  tbe  hoop  will  cool  and  contract  rapidly.  As  soon  as  tbe  hoop  baa 
cooled  down,  so  as  to  set  nu  the  casting,  water  should  be  fptinkled  on  it,  using  a  watet- 
ing-pot  with  a  finely  perforated  a  prink  tiM' — sparingly  at  first,  but  by  degrees  more  pleu- 
tiAlily,  and  taking  care,  by  moving  around  the  hoop,  to  uuol  it  uniformly.  After 
twenty -four  hours  (or  as  soon  as  practicable  thereafter]  the  required  measarementa 
will  be  made. 


•  See  Notes  on  tbe  CoustnictioiT  of  Ordnance,  No.  5  and  Ko.  26,  pp.  17  and  19. 
t  Total  shrinkage  about  .052  inch  -|-.0O35  inuh. 
t  Total  ahriokage  about  .060  inch  —.0035  inch. 
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PBESCRIBBP  HKA8UBBHEKTS. 

(I)  Interior  diameters  of  the  hoops  prepared  for  hooping  and  exterior  diuoeten  ot 
onter  hoop. 

(fi)  Interior  aod  exterior  diameters  of  the  casting  prepared  foe  hooping. 

(:l)  Interior  diameter  of  casting  aft^r  ap]>lication  of  first  hoop. 

(4)  Interior  diameter  of  firgt  hoop  afWr  application. 

(5)  Exlerior  diameter  of  first  hoop  preiiared  for  second  hoop. 

(6)  Interior  diameter  of  casting  afttr  application  of  eecood  hoop. 

(7)  Interior  diameter  of  first  hoop  after  appiicatioa  of  second  hoop. 

(ri)  Interior  diameter  of  second  hoop  after  application.      (All  mewaremflnts  to  bs 
made  when  the  hoops  are  cold.) 
(9)  Interior  diameter  of  casting  after  removal  of  second  hoop. 
(Ill)  Interior  and  exterior  diameters  of  first  hooping  after  removal  of  second  hoop, 

(II)  Interior  aud  exterior  diameters  of  second  hooping  after  removal. 
(1^)  Interior  and  exterior  dLameters  of  casting  after  romoval  of  first  hoop. 
(13)  Interior  and  exterior  diameters  of  first  hoop  after  removal. 


MODE  O 


EXECtmNO 


(1)  Prepared  for  hooping. — Bach  face  of  cjlinders  and  hoopa  to  be  scored  with  4 
diamelers,  nbicb  wilt  lie  marked  with  nnmbers.  Coincident  with  these  aootmi 
diameters,  both  exterior  and  interior,  to  be  measured  at  0.1  inch  distanoo  witUa 
each  face*  and  at  such  additional  points  between  tbe  faces  as  may  be  deemed  imiin* 
•ary  for  ascertaining  tbe  mean  diameter  and  verifying  tbe  workmanship.  All  meat- 
Drements  to  be  made  in  Ihefilanee  determined  by  the  scores.  (See  Notes  on  thaCon- 
stmolion  of  Orduance,  No,  5.) 

(2)  Aflrr  hoop$  are  in  jifacr.— Interior  diameter  nf  bore  and  exterior  diameten  «( 
hoops  to  be  measured  as  before,  the  4  diameters  scored  on  each  face  of  hoop  being  Vf- 
poeile  to  the  corresponilinglj  nninbered  ones  on  cylinder.  For  measuring  the  inlMkC 
diameters  of  hoops,  short  ehallow  grooves  are  made  on  each  face  of  cylinder,  and  laW 
Beqnently  on  inner  hoop,  as  shown  on  following  sketeh,  and  of  Just  sufficient  lliali 
expose  the  extivmilies  of  the  diameters  before  measured  at  D.l  inch  within  the  Ihai^ 
and  to  allow  sufficient  room  for  manipulating  the  pointfl  of  the  vernier  calipers.  VM 
this  purpose  the  dimenbiona  of  the  groove  to  be  about  }  inch  wide  and  abootftt 
inch  deep  from  the  face  of  tbe  hoop. 

TWO  HOOPS. 


'Inasmnch  as  these  diameters  must  subsequently  be  measured  with  vernier  beaM 
oalipera  (i.  a.,  whilst  the  hoops  are  in  place  on  the  cylinder),  it  would  be  wellt* 
measure  them- at  this  time  also  with  this  inatrnment,  in  addition  to  the  meaaatenMatS 
with  "  points."  In  niini:;  the  lieani  calipers  it  will  be,  of  course,  hiicbty  importaat 
that  tbe  inner  e<lge  of  the  hoop  should  not  be  the  least  bnrred,  so  that  theaa  edjpa 
must,  in  tbe  first  place,  be  carefully  finished  and  great  care  taken  thronglMWtHM 
operations  not  to  tSruiae  them. 
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The  gfooy**  *f*  niA'l«lfy  tliltlitighiilos  rn^^r  tliooiitfirfiict>ora;liiidtiT  and  finiahiog 
the  K""*^**"  ^'  tlu'DH  p<iT-C<iinH  with  a  hnnd  oliiM). 

Tbo  Gliu  ormetul  UxtvriH!!]  ilriU-linlBSAiid  inour  sarfaee  of  hoop  is  left  to  be  taket 
out  laat,  the  Job  b»iD>:);<v>'ii  (■■  »  u<trefiil  workmaa,  with  iua 
care  nut  to  injure  intii'railrduMi  "i-  iiilgn  i if  hoop.* 

(3)  d/trr  himpt  an  remund, — Thf  same  mvitiiaremeQtB  to  be  repented  aa  liQAire,  ex- 
««pt  tbut  for  ttiH  cylinder  and  the  interior  hooji  the  EMterior  dlumcti^r  will  Im  meiu- 
nred  st  points  just  beyond  the  gmovus,  and  fiir  eiactnese  measareuiDDts  sbaiild  have 
beep  made  at  these  same  pointv  before  the  assemblage. 


The  operation  of  shrinking  on  tUe  Loops  was  con<lucte(l  in  the  open 
air,  iu  the  vicinity  of  a  crane,  by  means  of  which  the  boop  could  be 
lifteil  from  the  fire,  sliifteil  over  the  cylinder,  anil  lowereil.  The  (■ylin- 
der  anil  hoop  were  pluccil  in  the  circumference  of  a  circle  whose  center 
was  the  vertical  axis  of  the  crane  ami  whose  radius  the  length  of  ite 
ann. 

The  boopjinoniited  on  fonr  iron  supports  and  leveled,  wassmroDiided 
by  ft  perforated  sheet-iron  flank,  of  mifflcient  diameter  to  leave  about 
one  foot  between  it  and  the  exterior  of  the  hoop.  The  lower  edge  of 
the  hoop  was  about  fi  inches  fmni  the  ground,  on  wbich  were  placed 
fine  shavings  to  the  depth  of  an  iuch»  together  with  a  few  small  pieces 
*  pine. 

The  cylinder,  also  leveled,  rested  on  au  iron  suifnce  similnr  to  the 

i-plate  of  a  planer,  and  ou  this  plate,  at  tbe  cstremities  of  four  diam- 

irs  oatside  of  and  close  to  Hie  cylinder,  were  placed  four  rectanfrular 
pieces  of  irou,  accurately  planed  so  as  to  be  one  fourth  inch  in  height. 

At  tbe  bottom  of  the  bore  of  the  cylinder  was  place*l  a  wooden  disk 
fitting  water-tight  and  having  a  hole  uue-fourtb  inch  iu  diameter  iu  its 
center.  Connections  were  maile  with  two  netghboriug  hydrants  by 
two  pieces  of  one  inch  Lose.  One  base  terminated  in  a  piece  of  gas- 
pipe  with  one  end  curved,  the  circular  part  being  of  a  little  greater 
diameter  than  tbe  hoop. 

Its  inner  snrface  was  pierced  with  holes  to  give  vent  to  the  jets  of 
water  for  cooliiie  the  exterior  of  the  hoop.  The  other  hose  was  used  to 
keep  the  bore  tilled  with  water.  Four  chains,  witb  long  links,  termi- 
nated at  one  end  in  a  ring  common  to  all  and  attached  to  the  crane,  and 
attheotherinauirouliar  1  inch  wide  and  beutat  right  anglesat  its  lower 
extremity  to  form  a  kind  of  hook,  to  engage  the  hoop  iu  lifting  it  from 
the  fire. 

regulating  tbe  expansion  of  the  Loops  two  wooden  rods  termi- 

tting  in  iron  points  were  nsed.     This  expansion  was  to  be  kept  within 

10  and  tMjj  of  the  diameter, 
he  lengths  of  the  rods  were : 


I       line 

■bed- 
■•ter 


In  the  roantpnlation  of  the  first  hoop  the  hooks  were  not  placed 
'  under  tbe  boop  until  after  the  minimum  wire  had  ent^-red,  and  as  the 


m^^ 


i 
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fire  was  very  fierce  some  time  was  occupied  iD  placing  tbem,  which  al- 
lowed the  Loop  to  expaud  a  little  in  excess  of  that  allowed. 

In  putting  on  tbe  second  hoop  the  hooks  were  placed  in  i)08ition  be- 
fore the  fire  was  lighted,  so  that  no  unnecessary  delay  occurred. 

The  shavings  being  lighted^  i>ine  wood  was  laid  with  one  end  resting 
on  the  ground  and  the  other  against  tbe  hoop,  both  inside  and  out.  As 
soon  as  the  minimum  wire  entered,  tbe  hoop  was  raised,  brushed  clean 
on  the  inside,  and  lowered  over  the  cylinder  until  it  rested  on  tbe  small 
pieces  of  iron  previously  mentioned. 

The  bore  in  the  mean  time  had  been  filled  with  water,  and  as  soon  as 
tbe  hoop  was  lowered  the  plug  in  the  bottom  was  removed  and  tbe  water 
from  the  hose  turned  in  the  bore. 

When  the  hoop  had  closed  the  other  pipe  was  brought  around  the 
hoop  and  water  turned  on  slowly  at  first,  but  more  plentifully  after- 
wards. The  water  was  applied  first  near  the  base  and  afterwards  raised 
slowly  to  the  top.  Care  was  taken  to  bring  the  corresponding  diame- 
ters together. 

Details  of  heating. 


Date 

Fire  lighted 

Minimam  wire  entered  — 
Hoop  removed  from  fire  . . . 

Hoop  in  position , 

Wat<»r  turned  on  in  bore. .. 

Hoop  closed 

Water  tui-ned  on  outflide. . 

Water  in  bore  «hut  off 

Water  on  exteiiur  shut  off 


Inner  hoop 

Onter  hoop 

(Hoop  A). 

(Hoop  B). 

Jnly  2. 1884. 

July  18, 1884. 

a.  m. 

p.  m. 

Ih  12" 

lOh  16- 

1    28 

10    42 

1    38 

10    43 

1    40 

10    45 

1    41 

10    48 

1     58 

11     00 

1    58 

11    01 

2    31 

11    44 

2    81 

11    48 

B^SUM^. 


Time  of  heating 

Time  required  to  clean  hoop  and  get  it  in  position 

Time  of  cooling 

Time  from  application  of  hoop  until  it  closed  on  cylinder. 

Total  duration  of  experiment 

Temperature  of  water  at  hydrant 

Maximum  temperature  of  water  in  bore 

Maximum  rise  of  temperature  of  water  in  bore 


'This  hoop  was  rendy  for  application  in  16  minutes,  1  ut  itsiemoval  wasdela^ed  ft>rthereaeongiTCB 
above. 

tThe  fire  for  the  first  hoop  was  more  intense  than  that  used  for  the  sec<>nd,  experience  haTing  i 
that  but  comparatively  little  heat  was  necessar}*  to  obtain  the  required  expaiision. 


ADDITIONAL  NOTES. 

Inner  hoop  (Hoop  A). 

This  hoop  was  not  placed  exactly  concentric  with  tbe  cylinder,  one 
side  coming  in  contact  before  the  other. 

The  maximum  openings  between  the  twobeingatl'*47™p.m.:=.025"; 
1^  52°»  30«  p.1n.=.02";  P  58™=0. 

At  2.03  p.  m.  (23  minutes  after  application)  the  heat  had  reached  ft 
point  about  two-thirds  tbe  thickness  of  the  cylinder,  estimated  from  tbe 
exterior. 

At  2.04  the  heat  had  penetrated  thronghoat  tbe  casting.  The  io* 
ward  progress  of  the  heat  was  roughly  followed  by  the  band. 
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At  2.17  the  inner  half  of  the  cylinder  was  hotter  than  the  outer. 

At  2.19  hoop  cool  enough  to  "bear  the  hand''  on  the  exterior;  heat 
barely  perceptible  on  the  interior. 

At  2.31  the  cast-iron  cylinder  and  steel  hoop  were  suflBciently  cool  to 
shut  off  the  water;  a  plug  was  placed  in  the  hole  in  the  wooden  disk  to 
keep  the  bore  full. 

Outer  hoop  {Hoop  B). 

This  hoop  was  placed  with  one  point  of  a  scored  diameter  in  contact 
with  the  corresponding  point  on  the  cylinder.  The  maximum  openings 
between  the  hoops  were  as  follows: 


Time  a.  m. 

1 
Maximam  opening.              1 

1 

lu^  45« 

Hoop  in  position. 

lO"  45- 

=  .07". 

10«»  49« 

=  .035". 

10^  63- 

=  .03". 

10^  64» 

=  .02". 

10*  57« 

=.015". 

10*  57-  30« 

=  .01". 

ll*  00- 

=0.0".    Hoop  damped. 

lO"  50- 

Heat  had  penetrated  inner  hoop.    | 

jN".  B. — The  maximum  openings  for  both  hoops  are  only  approximate, 
as  the  observers  did  not  have  the  proper  gauges  to  make  accurate  ob- 
servations. 

Experimental  cylinder  from  12-inch  M.  L,  R,  mortar. 
TEMPERATURE  OP  WATER  IN  BORE. 

Objset :  Application  of  inner  hoop  (Hoop  A).    Date:  July  2,  1884.    Hydrant  temperaturt:  729  Fah* 
renheit.     Water  rate :  liot  metMnred.    Temperafurc  o/ air;  77°  Fahrenheit.] 


Hoop  in  position  on  cylinder  at 

Hydrant  temperatare  at 

Teniperatare  of  water  in  bore: 

Temperatare  =  hydrant  temperature  at.. 

Temperature  at  

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Temperature  at 

Water  shut  off  at 

Ten^perature  at 

Tern  peratnre  at 

Temperature  at 

Temperature  at 

Water  let  out  of  bore  at 

• 


Time. 

A.  tn. 

1  40 

1  50 

1  50 

2  09 

2  13 

2  17 

2  21 

2  25 

2  29 

2  31 

2  31 

2  45 

2  48 

2  62 

2  58 

a  00 

Tempera 
ture. 


72 


91 

93 

91.5 

91.5 

90.6 

86 

86 

-  •  •  • 

91 

91.5 
91 
91 
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[Obi4€t:  Applioation  of  outer  hoop  (Hoop  B).    DaU:  Jnly  18,  1884.    Hydrant  tn^^traturt: 

renheit.    Water:  Bate  not  meaaared.] 


W^Mi- 


Time. 

Tempera- 
ture. 

Hoop  in  position  on^cylinder  at 

HTorant  temDoratiire  at 

A.  nt. 
10  45 

10  45 

11  20 
11  26 
11  83 
11  89 
11  44 
11  44 
11  46 
11  50 
11  53 
11  54 
11  55 
11  55 

o 

65 

SO 

79.5 

78.5 

74 

72.5 

Temperature  of  water  in  bore  at  . .  ■ 
Temperature  of  water  in  bore  at . . . 
Temperature  of  water  in  bore  at;. . . 
Ttonperature  of  water  in  bore  at  . . . 
Temperature  of  water  in  bore  at . . . 
Water  in"bore  shut  oflf  at 

Temperature  of  water  in  bore  at. . . 
Temperature  of  water  in  bore  at . . . 
Temperature  of  water  in  bore  at . . . 
Temperature  of  water  in  bore  at'. .. 
Temperature  of  water  in  bore.at . . . 
W  ater  let  out  of  bore  at 

75 

80 

81 

81.5 

81.5 

UNHOOPING  EXPERIMENTAL  CYLINDER  CUT  FROM  12-INCH  M.  L.  B. 

MORTAR. 

I. — Removal  of  second  or  outer  hoop  (July  26, 1884). 

PREPARATIONS  FOR  UNHOOPING. 

A  circular  in  u  plate  with  a  central  openiug  was  placed  horizontallj 
upon  three  conical  legs  or  supports,  so  as  to  elevate  it  about  18  inches 
from  the  foundry  floor;  the  exi)eriniental  cylinder  carrying  the  two  8ted 
hoops  was  placed  upon  this  plate  concentric  with  the  central  openbifi 
The  size  of  the  hole  was  such  as  to  permit,  without  difficulty,  the  pas- 
sage of  the  cylinder  and  inner  hoop,  but  not  the  outer  hoop.  Exterior 
to  this  cylinder,  and  resting  on  edge  upon  the  same  plate,  was  a  flask  of 
boiler  iron  three-eighths  inch  thick,  whose  diameter  was  about  6  indhos 
greater  than  that  of  the  cylinder  with  its  two  hoops.  The  height  of  this 
flask  was  about  the  same  as  the  length  of  the  cylinder.  It  was  made  i& 
two  sections  (each  a  semi-circle),  and  held  together  by  bolts  and  kejFSi 
easily  removable.  The  assembled  flask  was  placed  concentrically  aboo 
the  cylinder.  The  annular  space  between  the  flask  and  cylinder  was 
filled  in  with  molding-sand,  leaving  a  narrow  annulus  next  to  outer  hoop 
(about  1.5  inches  thick,  measured  radially)  for  the  introductioii  Ot 
molten  iron,  which  was  to  furnish  the  heat  for  expanding  the  outer  hoopi 
This  open  space  was  preserved  by  the  employment  of  an  annalo-a0f> 
mental  pattern  of  wood,  whose  curvilinear  boundaries  were  arcs  of  OCNI- 
centric  circles,  the  inner  one  having  the  same  curvature  as  the  exterior 
surface  of  the  outer  hoop. 

This  pattern  was  moved  along  around  the  exterior  of  the  hoop,  and 
the  sand  filled  in  until  the  mold  was  completed.  In  order  to  remofS 
readily  the  iron  used  for  heating  as  soon  as  it  had  expanded  the  hoop 
sufficiently,  three  wooden  partitions  1  inch  thick  were  placed  abool 
12(P  apart,  so  as  to  divide  the  empty  space  left  for  the  melted  iron  into 
three  equal  parts.  Over  the  middle  points  of  each  of  these  cavities  was 
placed  a  cup-shaped  runner,  lined  with  molding-sand,  and  provided 
with  a  rectangular  slot  in  the  bottom  about  2  inches  long  and  0l5 
inch  wide,  to  permit  the  passage  of  the  melted  iron  into  the  annular 
segments  next  to  the  hoop.  These  cup  like  cavities  caught  the  mellil 
flowing  from  the  ladle,  and  prevented  the  stream  from  striking  tiM 
hoop  in  pouring,  and  thus  overheating  one  spot  unnecessarily. 
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A  few  inches  of  moldiDg-sand  was  placed  beneath  the  cylinder,  upon 
which  it  could  fall  without  injuring  the  edges  when  the  outer  hoop  was 
expanded. 

UNHOOPING. 

When  all  was  ready,  six  men  with  three  small  ladles  simultaneously 
poured  molten  iron  in  until  the  space  around  the  outer  hoop  was  tilled. 
As  soon  as  this  hoop  expanded  it  released  the  cylinder  and  inner  hoop, 
which  fell  upon  the  sand  beneath,  due  to  its  own  weight,  without  being 
affected  by  the  heat  at  all.  So  instantaneous  was  its  fall  that  the  ex- 
terior surface  of  the  inner  hoop  was  cold  when  examined  a  few  seconds* 
after  the  fall.  The  instant  the  cylinder  and  inner  hoop  were  released, 
the  outer  flask  was  torn  away  by  loosening  the  keys  and  bolts,  the 
molding-sand  removed,  and  the  iron,  which  had  chilled,  removed  from 
contact  with  the  hoop.  This  latter  was  easily  done  on  account  of  the 
segments  into  which  it  was  divided  by  the  three  wooden  partitions.  The 
contraction  due  to  cooling  was  not  great  enough  to  cause  the  iron  to 
cling  to  the  exterior  of  the  hoop. 

The  heat  from  the  molten  iron  produced  in  four  minutes  a  higher  tem- 
perature in  the  outer  hoop  than  that  used  in  expanding  it  before  shrink- 
ing on.  The  color  of  the  steel  ran  up  between  brown  and  blue,  with  a 
tendency  towards  the  blue.  The  hoop  was  allowed  to  cool  in  the  air, 
when  both  it  and  the  cylinder  were  measured. 

Time  of  unhooping. 

Melted  iron  poured  in  at 3*»  30™  p.  m. 

Cylinder  dropped  out  at 3"  3*2™  30«  p.  m. 

Time  required  to  exp;),ud  outer  hoop 2™  30"  p.  in. 

Iron  (chilled)  removed  from  contact  with  outer  hoop 3**  34™  p.  m. 

Time  from  removal  of  cylinder  to  removal  of  heated  iron 1™  30» 

Time  hot  iron  in  contact  with  outer  hoop 4™ 

II. — Removal  of  first  or  inner  hoop  {July  29,  1884)^ 

The  arrangements  for  removing  this  hoop  were  similar  to  those  for 
the  outer  hoop,  except  that  but  two  wood  partitions  were  used  for  divid- 
ing the  iron  into  segments,  instead  of  three,  which  probably  accounted 
partially  for  the  difljculty  ^encountered  later.  Two  runners,  instead  of 
three,  were  also  employed,  and  the  molten  iron  struck  the  hoop  in  pour- 
ing, which  should  have  been  avoided.  The  iron  was  too  hot  when 
poured,  and  in  attempting  its  removal  a  piece  about  4  inches  square 
adhered  to  the  hooi)  at  or  near  one  pouring-point,  and  a  piece  about 
12  inches  long  and  of  the  whole  width  of  the  hoop  adhered  to  the  latter 
at  the  other  pouring  point.  These  pieces  resisted  all  attempts  at  their 
removal,  and  were  allowed  to  remain  until  cold. 

Tiine  of  unhooping. 

Melted  iron  poured  at 4*^  7™  p.  m. 

Cast-iron  cylinder  dropped  out  at. 4**  8™  40*  p.  m. 

Time  required  to  expand  inner  hoop 1™  40« 

Flask  removed  at 4**  9™  p.  m. 

Greater  part  of  chilled  iron  off  at 4^  10™  p.  m. 

Time  hot  iron  in  contact  with  hoop 3™ 

Part  of  iron  which  adhered  to  hoop  was  left  until  cool.  Hoop  over- 
heated in  two  segments  by  long  contact  with  hot  metal. 

BEMABKS. 

The  results  of  the  experiments  are  tabulated  for  reference,  and  are 
given  in  Tables  A  to  F,  both  inclusive.    The  detailed  measurement.^  ^x^ 
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DIAGRAM  SHOWING  METHOD  OF  UNHOOPING. 
PLAN. 


SECTION  AND  ELEVATION. 


tlons  to  dIvMr  tha  pourrd  mci^il  inru  apcrmviita  foreu.v  rnmoral;  b  t  b.  poiirlDcJiolM 
K'UTK.— la  the  seution  ind  elevation  ihe  crllnilBr  wllh  A  hoop  iaaboiru  in  lh«  Mto 
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contained  in  Tables  1  to  37,  both  inclasire,  which  form  the  appendix  to 
this  report. 

The  measurements  made  upon  the  hoops  after  removal,  by  means  of 
molten  iron,  are  practically  valueless,  on  account  of  the  distortion  due 
to  the  great  heat  and  to  the  clinging  of  the  iron  to  the  metal  of  Hoop  Ao;. 

Table  A. — Experimental  cylindet  12'inch  M.  L,  B.  mortar, 

PRESCRIBED  AND  ACTUAL  DIMENSIONS  BEFORE  APPLICATION,  ETC. 

[ExPLANATiox  OF  TERMS  USED  IN  TABLES. — (1)  Eceentrieit^  is  the  diffHrenoe  between  the  greatest  and 
leant  diameter  in  any  set  of  four  diameters.  (2)  Mean  eccentricity  is  the  difference  between  the 
ereateAt  and  least  means  of  the  measurements  taken  on  the  four  neries  of  diameters.  (3)  Oonicalne»» 
18  the  difference  between  the  mean  diameters,  determined  from  meHSurements  at  0.1''  from  each  end 
made  with  vernier  beam  calipers.  (4)  Maximum  constriction  ia  the  difference  between  greatest  and 
least  means  of  the  setH  of  four  diameters.  (5)  ParaJ,Uliim  is  the  difference  bt^tween  the  exterior  and 
interior  lenf^ths,  measured  at  either  end  of  any  scored  diameter.  (6)  Mean  paraUelitm  is  the  differ- 
ence between  the  exterior  and  interior  mean  lengths.] 


Casting. 


Subject. 


Interior  diameter 

Exterior  diameter: 

Theoretical     

Maxininm 

Minimum 

Length  

Relative  ahrinkage  (per  1  inch) 
Absolute  Hhrinkage: 

Thi'ovetical 

Maximum 

Minimum 

ParallnliHrn 

Eccentricity 

Conicalneas 


Dimensions. 


Variations. 


Prescribed.       ActnaL       Allowed. 

I  I 


Actnal. 


I 

12. 0 

1 

31.05208  . 
31. 05558 
31.05208    . 
7.75        I 
.00168  I 

.05208  '. 
.05658  ' 
.05208  : 


// 


// 


// 


12.0286  '^   j;  ;JJ      !|     +.0286 


I 


31.0482 
"7.'7564" 


+  .0035 
-  .0000 


-.0039 
+.0064 


I       +0.0035  i, 

.  0514  I  -0.  0000  I 
.0036  I 
.005 


0035 


-.00068 

.004 

*.0008 

.  0016 

0001 


H: 


Inner  hoop  (Hoop  Ax). 


Subject. 


r 


Dimensions. 


Variations. 


Prescribed. 


Interior  diameter 

Exterior  diameter: 

Theoretical 

Maximum 

Minimum 

Length    

Relative  shrinkage  (per  1  inch) 
Abao]ute  nhrinkage: 

Theoretical 

Max  imum 

Minimum  , 

Paralleliam 

Eccentricity 

Conicalness 


Actual,    i   Allowed.   I    Actual. 


31.0 

35. 95964 
35.  95964 
35.  9561 
7.25 
.00168 

.05964 
.05964 
.0561 


1 

// 

II 

// 

|! 

:30.9968 

^^« 

0035 

-.  0032 

§[30.99611 

+. 

000 

§- 

-. 0039 

35.9523  I    +.000 

I    -. 0035 

7.2490  I 


.0560 


+0.000 
-0.  U035 
.0035 
-.005 

.0035 


-.0073 
-.0010 


-.00364 

0.0 

*.  00038 
*0.  001 

t.0O26 
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Table  A. — Experimental  cylind^  12-inch  Jf.  L.  R,  mortar— Continued. 


Sabject. 


Interior  diameter 


Exterior  diameter : 

Theoretical 

Maximum 

Miuimum 

Length  

Kelative  shrinkage  (per  1  inch) 

Absolute  shrinkage: 

^       Tlie«»rftical 

Maximum 

Minimum 

Parallelism , 

EccfDtricitj , 

Conicalness 


Outer  hoop  (Hoop  Bx). 


DimenaioDB. 


Prescribed. 


// 


3&9 


ActaaL 


// 


^t35.89«3 
|35.89G0 


41.5 


41.5032 


Variations. 


Allowed,  i     ActnaL 


// 


~n0035 
+.000 


:.o2 


7.25 


7.2475 


.0035 
.005 

.0035 


I- 


/r 


;-..00S7 
$-^00M 


-h.ooa 


-^0025 


{i 


.0009 

•.oom4 

.0013 
0021 


*  Interior  diameter. 

tExten«»r  diameter. 

t  l>«*teiniiiied  from  mea«nrement«  maile  1  inch  from  each  end  by  vernier  calipers. 

§  Determined  frum  measurementH  throu;;hout  htHip  taken  with  adjustable  rods. 

Tablk  B. — Conicalness, 

[The  conicnlnesH  on  interior  is  determined  from  measnrements  made  with  adjustable  rods;  ontb6< 
teriur  from  measurementH  made  with  the  diameter  calipers,  except  in  casfs  noted.] 


Cast-iron  body.        Inner  hoop  (Ax).       Outer  hoop  {Ba^ 


Interior.  ■  Exterior.  Interior.    Exterior.  Interior. 


ti 


Before  application 

Aft«'r  application  of  A  hoop 
After  application  of  IJ  hoop 

After  removal  of  B  hoop  ... 


// 


// 


// 


li 


0015 

0022  '. 

0021 

I 

002     I 


•^l'   \<Z\5}     -^      \< 


.0012 
001 


.0(H»6 
.0015 

.0003 


.0035 


After  removal  of  A  hoop 0026  1        .0002      f/Jol^     I     -0053 


.0025 
).0198 


} 


n 


} 


*This  measure  for  the  conicalness  was  determined  from  measnrement  made  with  vernier  cmlipenal 
the  same  points  as  those  taken  with  adjustable  points ;  t.  e.,  at  O'M  from  each  end. 

Tablk  C. — JJean  eccentricity. 


Cast-iron  body 
Interior. 


Hoop  Ax. 


HoopBai« 


Exterior.  Interior.    Exterior.  Interior. 


// 


Before  application 0008    i 

After  ap]»lication  of  A  hoop 

A rt«'r  a])pIicatiou  of  B  hoop 

A  fter  removal  of  B  hoop 


.00047 


// 

(   .00038 
\  *.  WK)5 

0005      *.0013 

*.  00075 

*.00O5 


// 


1^.00028    [.; 


II 

ooou 

0005 


II 


00045 
00026 


After  removal  of  A  hoop. 


00105 


.00021 


[.: 


01947 
0195 


.00076 
I   .01685 


*.00l 
016M 
0166 


I    .mm 


*  Measured  by  vernier  calipers. 
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Table  D. — Mean  paralUliim. 


bod,. 

a^^ 

EoopB.. 

.OM 

OlO 

.005 

.0007 

Ueanill 

■m»t«Ti  of  bora  rsid;  fur  hoopfnf ,  lui. 

„>- 

DtiUnoeftviii 

Is 

8. 

i! 

1 

ft 

3 
as 

Hot. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Ho,. 

i.oao« 
ti.D2ra 

10288 

zoiss 

is.reT6 
a.02gs 

ioMi 

2.0W1 
0,0191 
2.0170 
2.0170 

Ineha. 

Int/iH. 

3.0    1 
iO     8 
2.0     0 
2,0     3 

InehMi 

ItukiM. 

7»A«. 

JhBtM. 

0097 
0000 

0080 
0078 

007S 

2.0    1 

koioo 

11.D2BS 

laoiM 

IS.01ff7 

ip  Bx  Bnlahed  baforo  appUoitloD. 
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REPORT  OF  EXPERIMENTS  CONDUCTED  AT  THE  WEST  POINT  FOUNDRY 
IN  ASSEMBLING  AND  DISMANTLING  A  COMPOUND  CYLINDER,  REPRE- 
SENTING A  SECTION  OVER  THE  POWDER  CHAMBER  OF  THE  EXPERI- 
MENTAL  STEEL  8'INCH   BREECH-LOADING  RIFLE,  DOUBLE-HOOPED. 

By  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department,  U.  S.  Army. 

(4  plates.) 

Office  of  Inspector  of  Ordnance,  U  .  S.  A., 

West  Point  Foundry, 
Cold  Spring,  N.  Y.,  April  8, 1885. 

General.:  I  Lave  the  boiior  to  traDsmit  herewith  a  report  of  the 
hooping  test  of  a  compound  cylinder,  representing  a  section  over  the 
powder-chamber  of  the  experimental  8-inch  steel  breech-loading  rifle 
now  in  course  of  construction  at  this  foundry.  The  test  was  conducted 
in  the  manner  directed  by  your  instructions  dated  December  1,  1884, 
which  are  appended  as  part  of  the  report.  TLe  assemblage  of  the  sec- 
tion was  completed  during  the  month  of  December,  1884,  after  which  it 
was  allowed  to  stand  about  two  weeks  before  being  dismantled.  A 
synopsis  of  the  tests  of  detached  specimens  of  the  metal  of  the  elemen- 
tary cylinders,  made  upon  the  United  States  testing  machine,  Water- 
town  arsenal,  Massachusetts,  in  connection  with  the  hooping  test,  is  em- 
bodied in  the  report. 

Very  respectfully,  your  obedient  servant, 

E.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance. 
The  Chief  of  Ordnance,  IJ.  8.  A., 

Washington^  D.  0. 
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This  work  was  prosecuted  under  instructions  from  the  Chief  of  Ord- 
nance, U.  S.  Army,  as  a  preliminary  to  the  construction  of  the  gUD. 
In  the  section  selected  for  the  test  the  wall  of  the  gun  (see  Plate  IV) 
comprises  the  followin^f  parts,  viz:  The  tube,  2.25 inches;  the  jacket, 
4  inches;  the  inner  (A)  hoop,  2.15  inches,  and  the  outer  (B)  hoop,  2.6 
inches  in  thickness.  The  dianu^ter  of  the  bore  (or  chamber)  is  0.6  inches 
and  the  exterior  diameter  31.5  inches.  The  thickness  of  wall  is  tuen 
1.375  calibers,  expressed  in  terms  of  the  c^diber  of  the  gun,  and  aboat 
I.IG  calibers,  in  terms  of  the  dianieter  of  the  chamber.  The  length  of 
the  section  was  made  7.5  inches  for  the  hoops,  with  slightly  increased 
lengths  for  the  jacket  and  tube,  to  prevent  the  last  from  giving  way  at 
its  unsupported  ends,  and  with  the  intent  to  equalize  the  diametric^ 
changes  of  dimensions  thrqughout  the  length  of  each  of  the  eleinentaiy 
cylinders. 

THE  METALS  USED   IN  THE  CONSTRUCTION. 

The  metals  composing  the  elementary  cylinders  emplo^'ed  in  this  ex- 
perimental construction  were  of  the  same  manufacture  as  those  intended 
to  be  used  for  tlie  corresponding  parts  of  the  gun  for  which  the  tnlNL 
jacket,  and  trunnion  hoop  have  been  manufactured  by  Whitworth,  aad 
all  the  remainder  of  the  hoops  by  the  Midvale  Steel  Company,  Nice- 
town,  Pa.  The  orders  for  the  steel  forgings  for  the  gun  included  two 
cylinders,  24  inches  in  length,  of  cross-sections  corre8|K)udiiig  to  the 
tube  and  jacket,  and  to  be  treated  in  the  same  way  as  the  larger  pieeeii 
The  experiniental  tube  and  jacket  cylinders  were  cut  from  one  end  d 
these  cylinders,  and  the  test  pieces  for  the  free  tests  of  the  metal  weie 
taken  inside  of  these  or  nt^ir  the  middle  of  the  forging.  The  forgiofl 
for  the  tube  and  jacket  of  the  ^un,  manufactured  at  thesaine  time  with 
these  cylinders,  were  rejected  under  tests  made  upon  specimens  of  me^ 
taken  from  their  breech  ends,  where,  as  has  since  been  shown,  At 
metal  was  locally  injured,  probably  by  overheating  in  the  annealiif 
process  subseijuent  to  the  oil  tempering.*  But  the  tests  of  theexM 
forgings  showed  them  to  be  of  an  average  (piality  which  wonld  penrit 
their  use  for  the  purposes  of  the  present  exi)eriment. 

Tlie  two  hoops  marked  A.r  and  B.r  were  taken  from  the  whole  lolrf 
hoops  made  for  the  gun  by  the  Midvale  Company.  The  tests  madeef 
the  metal  of  these  hoops  showed  them  to  possess  the  excellent  unifim 
quality  common  U)  the  remainder  of  the  lot.  These  two  hoops  wen 
rolled},  oil-tempered,  and  subsequently  annealed. 

*  See  foot-note  to  i)age  10,  Rtiport  of  the  Chief  of  Onlnanoe,  U.  S.  Army,  1S84. 

New  forgings  for  the  gun  tube  and  jacket,  since  supplied  by  Whitworth,  hsTebeM 
found  satisfactory. 

t  The  smaller  boopR  for  the  portion  of  the  gun  forward  of  the  trooniont  were  fag>i 
and  not  rolled,  but  tlie  tests  of  the  metal  show  tbem  to  be  of  practically  the  BsnuqMl' 
ity  as  the  rolled  hoops. 
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Physical  properties  of  the  metals  before  and  after  the  hooping  test — 
Original  tests  were  made  of  specimen  bars  cut  from  the  several  forg- 
ings  to  ascertain  the  physical  qualities  of  the  metals  for  use  in  comput- 
ing the  shrinkages  to  be  used  in  the  experimental  hooping  test,  and  to 
determine  tlie  fitness  of  the  metals  for  the  purposes  of  the  construction. 
Subsequent  tests  were  made  of  bars  cut  from  each  of  the  elementary 
cylinders  following  the  dismantling  of  the  experimental  section,  in  or- 
der to  det4?rmine  the  effect  of  the  intermediate  op*^rations  upon  the 
physical  qualities  of  the  metals.*  ^\\  of  the  tests  were  made  upon  the 
United  States  testing  machine,  at  Watertown  arsenal,  Massachusetts. 

Plate  I  shows  the  positions  of  all  the  specimens  for  tests  by  both  ten- 
sion and  compression  taken  from  the  tube  and  jacket  cylinders;  in  Figs. 
2  and  4  those  for  the  tube  before  and  after  the  hooping,  respectively, 
and  in  Figs.  1  and  3  those  for  the  jacket  similarly  arranged. 

The  metal  of  the  Loops  w  as  subjected  to  tests  by  tension  only  corre- 
sponding to  the  important  part  of  their  duty  in  the  gun.  Anticipating, 
however,  from  previous  experimeuts  that  the  hooping  test  and  inci- 
dental operations  would  bring  about  a  degradation  of  the  tensile  qual- 
ities of  the  hoop  metal,  special  tests  of  bars,  in  addition  to  the  usual 
ones,  were  made  from  the  metal  of  the  outer  hoop.  Six  specimens 
(see  Fig.  3,  Plate  II)  were  taken  from  this  hoop  following  the  hooping 
test.  The  alternate  numbers  B  E  X,  1,  3,  and  4  were  first  tested  in 
the  usual  way.  Afterwards  the  remaining  three,  B  E  X,  2,  5,  andG,  were 
first  subjected  to  a  sudden  stress  of  58.000  pounds  per  square  inch, 
which  exceeded  by  about  2,000  pounds  per  square  inch  the  elastic  limit 
found  for  the  first  three  specimens,  and  were  then  tested  in  the  usual 
way.  The  sudden  stress  was  applied  five  times  to  each  specimen  at  in- 
tervals of  ten  minutes  between  the  applications.  Each  application  of 
the  stress  occupied  about  two  seconds  of  time.  The  object  of  these 
special  tests  was  to  ascertain  the  behavior  of  the  metal  following  its 
subjection  to  the  hooping  test  under  circumstances  assimilated  as  nearly 
as  possible  to  those  attending  the  actual  tiring  of  the  gun,  and  to  find 
(sup[)osing  its  elastic  limit  to  have  been  lowered  by  the  hooping  test) 
to  what  extent  its  loss  of  elastic  strength  would  be  restored. 

Plate  II  shows  the  positions  of  specimens  taken  from  the  hoops :  in 
Figs.  1  and  2  before  the  hooping'test,  and  in  Figs.  3  and  4  following 
that  test.  The  dimensions  of  the  finished  specimen  bars  a«  tested  are 
shown  in  Plate  III,  Figs.  1  and  3. 

In  the  following  table  the  results  of  the  tests  are  arranged  to  show 
the  effect  of  progressive  loads  within  the  elastic  limit,  to  enable  the 
selection  from  the  tests  of  original  metal,  of  the  values  of  the  physical 
constants  to  be  used  in  computing  the  shrinkages,  and,  by  comparison 
with  the  tests  made  after  the  hooping,  to  show  the  percentages  of  gain 
or  loss  of  the  physical  qualities  of  the  metals  within  the  limits  which 
the  metal  would  be  called  upon  to  work  in  the  gun  when  fired. 

*  Tlie  discnssioD  of  the  results  of  these  tests  would  in  natural  order  foUow  that  of 
the  boopmg  test,  but  it  seems  better  to  place  it  here  in  order  to  make  direct  compari- 
son with  the  tests  of  the  original  metal,  and  present  at  once  the  conclusions  which 
these  tests  of  the  metal  enable  to  be  drawn  regarding  the  effect  of  the  hooping  oper- 
ations upon  the  physical  qualities  of  the  metal. 
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Tablk  I. — Elastic  properties  and  Btrtugth 


Specimen. 


Stoiu. 


Tests  ol— 


Marks. 


i 
• 

1 

1 

c   ; 

• 

^   1 

•*A 

^ 

bC 

B 

C 

ee 

9 

^ 

^m 

Relative  elastic  extenmions  (inchcR)    and  con«- 
spondiug  stresses  per  square  inch. 


0.00130.  0.00135.  0.00140.  0.00145.  0.00150.  0.0015!w 

I  .  <  I 


I 


Tl'BB  CYLl.NUEK. 
By  tension : 

Before  the  hooping  ^  ; 


A  T.0 3.0     0.564 

I 
B  T.  M 3. 0     0.  564 

i  C  T.  I 3. 0     0. 564 

Means 


Lb*.        Lb*. 


Lb*. 


Lb*. 


I  -: 


Lb*. 


Lb*. 


45,000  .  46.500  I  48,000  50,500  '  51.500  '  52.250 
46,000  47,500  |  40,500  50.500  51.500  Si,Sm 
43.350     43,850  I ; 


r 


44,780     45,950 


TTl.  M...    3.0     0.564 


After  the  hooping. 


r    TTl. 
I     T  T  2, 

1 


:  42,000     43.500     4.'>.000     40,500     48,000-41,501 
3.  0     0.  564  I  42, 0(M)     44,  6<K)  i  46,  000  ' ' 


Means  42, 000  1  44. 000     45, 500 


Mean  1o8h  percentafzc  of  original  qnnlities. 
Mean  gain  percentage  of  original  qiiiiHtieH. 


6.2 


4.3 


B}'  eoniproHHion : 

•     E.  T.  0 5.0  0.798 

D.T.  1 5.0  0.798 

F.  K 4.0  0.  798 

Before  the  lioopinp.  <     G .  U 4. 0  0. 79s 

O.  R : .  4.0  0.798 

Means  


33.  575  I  3*.  000 
41,000  42.  tKK) 
40,  000     40.  750 


36,425  i  37.860     38.575     40,i 

43.500  .^ 

42.  (KM)     43.500     44,325     44,fitt 


3.'),  000     36,  500     37,  500 
36,000     36,750      .      ... 


37. 115     38.  ISH) 


After  the  hooping. 


( 

1 


C  Tl.  M.-..    5.0     0.798 
C  T2.  I  .•).0     0.798 


37.  500     39,  170 
36.  500     37,  500 


41,000     42,000     44.000     M,* 
3^.500     39,5(K)     41,500     4^tOI| 


Means 37. 000     38,  335     39,  750     40,  1:a)     42, 75«)     45. 


Mf«n  loss  percentage  of  original  qnalities  . . 
Mean  gain  percentage  of  oiiiiinnl  qiialitieM  . . 


0.3 


JACKET  CYUNDBK. 

}{y  tensittn : 

Before  the  hooping  ^ 


1 


H.T.  O 

I.  T.M. 

J.  T.  1  . 

PR... 
R.  R  . . . 


Means 
TJ  1.0 


After  the  hoop 


r    TJl.O. . 
T  J  2,  M . 
ing.^'     TJ3.  I.. 


3. 0  0.  564 

3.  0  0.  564 

3.  0  0.  .'>64 

2.  0  0.  564 

2. 0  0.  564 


47,000 

45,000 

40,000 

42,000 
42,  500 


0.4 

48,  250 

46,500 

42,500 

43.500 
44,000 


49,500 

48,000 

44,000 

45.000 
45,500 


I 
( 

51, 500     53. 000  '  54, 

49.250     50,0M';51. — . 

45,500  '  47.000  |  iA,m\ 

46,000  '  47.500  '  40,  Ml 
47.500  ;  40,000  ;  SQ,m 


I  44. 125     44,  950     46. 400  i  47. 050     49. 300  i  50,01 


.1.  0  0.  564 
3.  0  0.  564 
3.  0     0.  564 


Mean  loss  percentage  of  original  qualities  . 
Mean  gain  i)erccntage  of  original  qualities. 


41,00<»     42,750     45.000     46,  ."i^K)     48,000    ..< 
47,  OOO     48, 500     50, 000     50,  500  ,  51, 000 
41,000     41,750     43.000     45,500     47,000     4fl^i 

47.  500     48, 605 

2.55  1.4         0.86         0.04 


Means 43. 000     44, 335     46, 000 


By  compression : 
Before  thehooping. 


r    L.T. 

:  K.  T. 

)     M.R 


L.  T.  O 5.0     0.798 

I 5.0     0.798 

_ 4.0     0.798 

N.  R 4.0  j  0.798 


44,000  4.\325     46,000  47,  000  <  40, 000  '  

44,000  46.  000  '  47,  000  48,000  50.000  'n^MI. 

■  42,  000  43,  500     45.  500  47,  500  !  48. 325  ^  41^01 . 

40,  500  42,  500     45,  000  46,  250  '  47. 000  <  47,MI 


Means ;  42,625  .  44,330     45,875     47,190  •  48,580 


t 
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of  the  metaU  before  and  after  the  hooping  test. 


Kelative  elastic  extension 
(iucbe«)  and  cori:esponding 
stresses  per  square  inch. 


Elastic  limit. 


0. 00160.  'O.  00165.  0.  00170.  ,0.  00175. 


d 
a 

a* 


o 


u 

9 

O  O 
9 


Ultimate  re- 
sistance. 


Lbs.     I    Lbs. 
53.000  ; 


Lbs. 


Lbs. 


Lbs.        Irishes. 
53, 000     0.  0016 


54,000  ! • I  54,000     0.0016 

I   I I  44,000     0.00137 


50.330     0.001522 


9 

fl 
cr 

'C 
et 

o 


Ii 

9 
Gk 

O  o 

ao  5 
P'" 

m 


'  Kemarks. 


Lbs.     I  Inches. 

86.040  i  0.2467 

I 

89,320  I  0.2400 
84,000  I  0.2000 


59,5(fb  j  51,500     53,00f  ! I  53,000  '  0.0017 

I I I I  47,  000  0.  00143 


50,000   0.001565 


0.7 


2.8 


41,  000  43,  000  1  45,  000  I  47,  000  '  49,  000  '  0.  0018 

..I    .-..I I  44.000  0.001425 

45,  250  45, 625  '  46, 000  '  46,  750  I  48,  000  0.  0018 


38,  000  ■  0.  00143 
37,  000  I  0.  00137 


43.200  .  0.001565 


47.500  48,  500  1  49,509  51.000  ,  5:{.  000  0.001775 
46.  000  47, 000  '  57,  670  49,  500  50,  000   0.  00175 


46.  750  [  47,  750  ,  48.  585  50,  250  I  51,  500  0.  001762 


86, 450 


91,040 
87,  560 


0.  2289 


0  2133 
0.  2433 


89,  300 


0.2283 


0.3 


3.2 


80,600  1 
78.  400  ' , 


79,500  J. 


19.3 


12.6 


55,  500  ;  56,  500  58,  000  59,  500  |  60,  800  j  0.  0018 

52,800  '. i !  52,800  '  0.0016 

49,  000  I  50,  500  !  52,  000  |  53,  500  \   59, 760  !  0. 0020 


50.500  I  52,000  ;  53.000 
51,000  j I  

51.760  I ! 


53.000  I  0.0017 
51,000  I  0.0016 


55. 472  ■  0.  00174 


I  49,  000  I  0.  0015S3 

' I ' 1  51,000  I  0.00150 

49,  500  I  50.  500  <  52, 000  53, 500  i  59,  000  0.  002033 

■ , ^. ^ 


'I- 


!  53,000  I  0.001689 


4.5  ! 


2.9 


....  I       49. 000  I  0. 0015 

52.  050     53.  500     55,  000  i  56, 000     59. 000     0. 001775 
50.  500  I  .52.  500     54. 000  '  56, 250     57,  000  I  0.  0018 


49,000      51,500  I  63,000 


54,000  I  0.001733 


54,750  i  0.0C1702 


104,  000 

93,280 

97,000 

100.  560 
91,600 


97,288 


0.21 

0.20 

0,173 

0.12 
0.20 


0.1806 


88,160 

95, 400 

107, 140 


96,900 


0.25 

0.2167 

0.150 


0.  2056 


0.4 


13.8 


After   53,000   stretched  rapidly 

and  load  fell  to  48.000. 
After   54,000  stretched    rapidly 

and  load  fell  to  49.000. 
After  44.000   stretched   rapidly 

and  load  fell  to  41,000. 


Rapid  deflection  at  50, 000  pounds. 
Rapid  deflection  at  45,500  ponnds. 
Decided     deflection     at    50,000 

ponnds. 
Gradual  deflection  beyond  elastic 

limit. 


Triple  flexure. 
Do. 


After  60,800   stretched   rapidly 

and  load  fell  to  57,000. 
After   52,800   stretched  rapidly 

and  load  fell  to  50.000. 
After  59,760   stretched   rapidly 

and  load  fell  to  56,000. 


Rapid  deflection  at  50, 000  pounds. 
Rapid  deflection  at60,000  pounds. 

Gave  suddenly  at  54,000  pounds. 
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K.,0.«0I3S.  O.MIW.  O.OOUI.  0.00 


47.  «U  te.DM  90.  «N 

iv.wio  53.  ow  n.«N 

KI.SMI  &5.0M  S4.M 

«,SUU  !>V.UIM  SI,JM 


4".T!W      51.! 


(     AEM,  M      li.fl     fl.S«4      4ll.«KI      41. Ml     41.IHKI     4t.-'i|iO     (M.3.-I0      47. 

AKX2. 1     II."    fl.:«M    <2,iiwi    43,  .VM  '  43.  ann    4B.sik>    4ii.(iim'w, 

Aftpr  Ihe  iHwplrs- J     A  K  X  :i.  M     (1.11     il.r*4     an.T.W     4LVIIV     43,Sa     44,nuv     45.1W     4T. 


1^T» 

"47!  sS" 

13,750     4S.00it     40. ua'  IT.CK 


t.33 


I.B 


(     Rl!n3.(>,.  BO 

Kits).  I...  «.U 

,  !    mix 4.(1.  a.0 

■  ■)   KI113.1..  ».« 


4fl.oin  47.a:i<i  4it.5no  4fl.0M  bi.i» 

40.I1K'  4T.OI0  4H.000  40. . '.Oil  tl.tS* 

45,  .'<HI  4T.UUU  47, 7.'K>  40. 000  SI.SM 

40,2MI  47,000  4!',M0  40.  UO  l^M 


4.11V      411^3     tflL«n      4T.M 


B  K  X  !,  1 , ,    8. 0 


X504  M,3S5  37.T30I  38.100  40.420  4l.mi  I  aMt 
.|..^64  :i7,.'MM  i  3^75«:  4I).UU0  41. »0  4t.Mnl«TI( 
X5«4      M.t2i  '  3S.UTn     30.330     4B,  4ai      4I.«TD  :  ttM 


ilKgcur  original  iit»mi«>. 


le  following  (iKolflcatlM, 
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metah  before  and  after  the  hooping  test — Continued. 


Kel.ative  elaHtic  extension 
(inches)  and  correwponding 
stressi's  per  square  incli. 


0.  00160.  0.  00165.  0.  00170.  0.  00175. 


Elastic  limit. 

Ultimate  re- 
sistance. 

a; 

u 

o 

1      ^* 

fr- 
ee 

£> 

fr.1 

1      <s 

S          1 

P4 

1      ^ 

— ' 

«  ^      1 

%i 

1        C   U 

12 

1     c"^ 

r3 

fa 

^ 

^ 

•A 

O 

»< 

t-'         1 

1-^ 

W 

Hemaiks. 


i6«.     1    Lbs.         Lbs.        Lbs.     I    Lbs.     i    Inches. 
55,  000     56,  000     57,  000  I ;  57,  000  i  0.  0017 


50,000  1  51,000  I  52,000 


88,760  1 '.    Triple  flexnre;  bent  180°  with- 

I  I      ont  fracture. 


53,500  !  55,000  '  0.001825     87,840 


47,  500  i  49,  000  i  50,  000  1  51,  500  ,  58.  000  ,  0.  00195 


50,835     52,000  ,  5.3,000 


87.  920 


56,  665  ;  0.  001825     88, 175 


3.5 


7  2 


.52,  000  52,  750  .S4, 000 
54,500  57,000  |  58,500 
57,500  I  .58.500  60,000 
53,  UOO  1  54,500  I  56,000 


55.600  62.000  0.002017  ,107.200  I  0.1667 

60.500  I  62,000  '  0.0017H3  1107,280  |  0.1317 

62,5(10  I  60.000  j  0.001967  109,240  |  0.1767 

57,500  '  65.000  1  0.002067  1105,200  ,  0.1933 


54,250  ■  55.690  j  57,125  59,  Ol'O  63,750  I  0.001958  107,230  I  0.1673 


49,000  50,000  .  52.000 
51.  000  1  52,  500  j  53.  665 
48,  665  i  50,  000  |  51,  500 


53.065  57,000 
.^5.200  I  .59,000 


0.001833  1100,440 
0  001833  j  99,  680 


53,330  I  61,000  j  0.002050  ,103,160 


0. 1667 
0. 1633 
0. 1800 


49.5.55  '  50.835     52,390  !  54,065     59,000  1  0.001939  1101.093  1  0.1700 


8.65 


8.72 


8.29 


8.36 


52.350  ,  53,  .500  .55,000 
52,250  53,000  •  54,500 
53,000  54,  .500  '  55.500 
51,000  I  52,500  :  55,000 


56,  000 
56,  2.50 
56,500 


52.  150 


50,  500 

48,  000 
48,  .500 


5.3,375  5.5,000 


52,  000  !  53,  000 
50,000  '  51,2.50 
50.000  i  51.500 


7.45 


0.97 


5.72 


1.6 


55,  000 
58,  000 
60,  000 
61,000 


0.0017 
0  00ia33 
0.001933 
0.001933 


101,840 

0.  1567 

l(  3,  280 

0.16 

104,  000 

0.  1867 

104,  360 

0. 1867 

58,  500  i  0.  00185  103.  370  I  0. 1725 


54,  330  ;  55,  000  '  0.  001783  100, 440  0. 1417 
52,000  '  55.000  I  0.001850  j  98,440  1  0.1500 
53.500  ,  57.000  I  0.001900  100,080  I  0.1450 


49,000  50,665  ,  51,915  53,275  .55.665  0.001844  '  99,653 


6.04 


5.08 


5.61 


4.85 


0.3 


3.6 


0.1456 


15.6 


44.  200  '  45, 360  1  46, 430  |  47,  500 

45,  000  {  45,  940  i  46,  880  1  47,  820 
44,170  !  45,420  I  46,670  47,920 


63,  000  I  0.  002583  |  98,  800 


63,000  I  0.002517 
63.000  I  0.002617 


44,  455  ;  45,  575  j  46,  660  ,  47, 745  |  63,  000  I  0.  002572 


14.8 


14.6 


15.1 


7.7 


39.1 


97.200 
100, 160 


98. 720 


4.5 


0.1300 
0.1700 
0. 1333 


0.1444 


16.3 


Do. 
Triple  flexnre. 


Subjected  first  to  a  sndden 
stress  of  58,000  pounds  per 
square  inch,applied  five  times 
at  intervals  of  ten  minutes, 
each  application  takingabont 
two  seconds  of  time.  Finally 
tested  in  the  usual  way  by 
progressive  loads  appliea  in- 
termittingly.      ^ 


viz:  T,  tangential;  R,  radial;  O,  outside;  M,  middle;  I,  inside. 
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Values  of  the  physical  coiistantfi, — lu  selecting  tbese  values  to  be  sub- 
stituted for  the  constants  in  the  formulas  applied  for  deterniiniug  the 
shrinkn<;es  for  the  experiment  it  is  observed  that  the  tests  of  the  differ- 
ent specimens  of  the  original  tube  metal  show  great  irregularity  of 
elastic  strength,  and  the  specimens  both  for  that  and  the  origiual 
jacket  metal  failed  notably  after  reaching  a  stress  exceeding  but  little 
the  so-called  elastic  limit.  Then  as  the  tube  and  jacket  would  have 
principally  to  withstand  compression  only  in  the  hoo^nng  test,  a  greater 
value  is  attji<;hed  to  those  tests,  and  linally  those  values  have  been 
selected  under  which  all  of  the  compression  specimens  showed  perfect, 
or  nearly  perfect,  elasticity.  With  regard  to  the  hoops  the  valuer  given 
below  are  based  generally  upon  the  results  of  tests  of  specimens  from 
the  whole  lot  of  hoops  made  for  the  gun,  including  the  hoops  Ax  aud 
B.r,  given  above. 

The  following  are  the  values  adopted  :* 

SulniH't  of  nuMMurcnieut.  Tubo.  Jackot.  Hoops. 

AlIo\a  abliMligplacoment  per  linear  unit inclies  .■  0.00135            0.0015          0.00175 

CoiTi>s]»inMlin)j:  loiul  per  Hquare  inch  : 

Poumls 38.200!          48, 7oa            50.000 

Tons   17.035            21.736,              25.0 

Moduli  of  elanticitv: 

Poumls * 28  300,000     32,500,000     32,000,000 

Tons 12,834             14, 501»            14,286 

I 

Effect  of  the  hoopimi  test  upon  the  physical  qualities  of  th^  metals, — Ex- 
amining the  individual  records  of  the  bars  tested  after  the  hooping,  we 
tind  no  reason  to  sus])ect  a  local  imperfection  in  the  metal  which  might 
have  lowered  the  record,  except  ])Ossibly  for  the  tension  specimen  T  Ji, 
from  the  outside  of  the  jacket ;  for  the  rest  the  percentages  of  *'  gain" 
or  ''  loss"  shown  are  sutliciently  marked  to  enable  well-grounded  de- 
ductions to  be  ma<le  in  several  ])articulars  regarding  the  effect  of  the 
hooping  test  u])on  tlie  ])hysi<*al  qualities  of  the  metals. 

(1)  Tlie  elastic  limit  of  the  tube  metal  under  compression  was  mark- 
edly elevated  both  in  respect  to  the  stress  supported  and  the  elastic 
displacement;  the  resj)ective  i)ercentages  of  "  gain"  are  10.3  and  12.6, 
and  it  will  also  be  observed  from  the  column  of  remarks  that  the  two 
specimens  failed  by  triple  tiexure  instead  of  showing  a  failing  point,  as 
in  the  tests  of  the  original  metal.  Fig.  5,  Plate  III,  shows  the  form  of 
one  of  these  specimens  after  the  test. 

(li)  The  qualities  of  the  ja<»ket  metal  under  compression  were  also 
improved,  for  while  this  nu^tal  shows  a"h)ss''in  respect  to  the  load 
supported  under  relative  disi)lacements between  1.3and  1.5  thousandths, 
yet  at  the  elastic*  limit  it  shows  a  gain  of  3.5  per  cent  in  the  load  8up- 
l)orted  and  of  7.2  per  cent,  in  elastic  displacement,  and  still  better 
])roof  is  given  by  a  com])arison  of  the  maniun*  in  which  the  specimens 
stood  the  test.  One  of  these  specimens,  which  was  bent  180^  without 
fracture,  is  represented  in  Fig.  0,  Plate  III. 

(3)  The  metal  of  both  the  hoo])s  shows  a  clear  loss  of  tensile  qual- 
ities. With  the  A  hoo])  this  loss  varies  from  9.G2  j)er  cent,  in  the  load 
snpi)orted  under  an  extension  of  1.45  thousandths  to  7.45  per  cent,  at 
the  elastic  limit,  and  with  the  B  hoop  there  is  similarly' a  loss  varying 
from  7.48  to  4.85  ])er  cent.    This  decrease  in  the  load  supported  for  a 

*For  tlio  HiihKtMpuMit   ii8«'  of  1  lieN»  valiieH  uiul  coiiipiitntiou  of  tbo  shrinkagea 
Notes  on  the  ConKtriictiou  of  Onlnunce,  No.  'M. 
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given  extension  carries  with  it  a  corresponding  decrease  in  the  modulus 
of  elasticity.* 

Respecting  the  qualities  of  the  tube  and  jacket  metal  under  tension 
there  is  little  or  no  change.  We  Judge  from  the  record,  however,  that 
the  tensile  qualities  of  the  latter  metal  are  slightly  impaired  notwith- 
standing the  doubt  resting  upon  the  specimen  T  Ji ;  aside  from  this  the 
records  of  the  specimens  are  broken  after  passing  the  extension  1.5 
thousandths,  whilst  under  the  tension  tests  of  the  original  metal  all  the 
specimens  passed  the  extension  l.G  thousandths. 

We  have  now  to  consider  the  results  of  the  special  tension  tests  made 
of  the  B-hoop  metal.  It  will  be  seen  at  once  that  the  results  of  these 
tests  are  highly  reassuring.  The  special  elastic  limit  developed  is  the 
same  for  each  specimen  and  equal  to  6.3,000  pounds  per  square  inch. 
Not  only  is  the  loss  of  original  qualities  counterbalanced  by  sudden 
strains  assimilated  to  those  which  the  metal  will  undergo  in  firing  the 
gun,  but  the  load  originally  supported  at  the  elastic  limit  is  raised  7.7 
per  cent,  and  the  elastic  stret<5h  is  raised  39  per  cent.  The  loads  for 
given  stretches  wij:hiu  the  elastic  limit  are  decreased  and  thus  also  the 
modulus  of  elasticity,  but  the  subjection  of  the  metal  to  the  sudden 
strains  has  increased  its  cai)acity  to  perform  work  and  has  thereby  cer- 
tainly not  diminished  its  utility  in  the  gun  structure. 

The  further  conclusions  to  be  drawn  from  these  comparisons  are  that 
in  considering  the  i)roperties  of  metal  tested  for  gun  construction  with 
reference  to  its  behavior  in  the  structure  we  may  expect  the  tube  to 
possess  higher  qualities  than  shown  by  the  tests,  the  jacket  to  remain 
about  neutral,  and  the  hoops '  to  possess  a  decreased  elastic  strength, 
and  for  the  particular  structure  under  consideration  the  qualities  of  the 
hoo})s  should  be  estimated  at  about  10  per  cent,  below  those  determined 
by  the  tests  of  detached  specimens.  The  loss  of  strength  in  the  hoops 
is  evidently  due  to  the  fact  of  their  being  forcibly  restrained  from  re- 
suming their  original  dimensions  whilst  cooling  from  a  heated  state.t 
This  loss  is  shown  to  be  not  excessive  and  also  (from  the  special  tests 
given)  apparently  not  dangerous  for  the  service  of  the  gun,  but  it  is 

■  In  conlirmatiou  of  these  results  we  refer  to  the  following,  which  have  not  been 
found  heretofore  reported,  owing  to  the  fact  that  they  were  not  available  when  the 
report  in  question  was  rendered.  They  refer  to  the  shrinkage  tests  of  Mldvale  steel 
hoops  No.  iK)18  and  9020  (see  Notes  on  the  Construction  of  Ordnance  No.  25).  Tests 
were  made  of  specimen  bars  cut  from  these  two  hoops  after  the  conclusion  of  the 
shrinkage  tests.  The  losses  aud  gains  from  original  qualities  shown  by  a  comparison 
of  the  mean  of  these  tests  with  those  given  on  page  3  (note  25)  are  as  follows: 


I  Hoop  0018,  oil- 
tempered. 

Subject  of  mcasnreiuent. 


Hoop  9020,  an- 
nealed. 


Lo88.  '  Gain,  l  Loss.   '  Gain. 


I 

r.  ct.    p.  et.  :  p.  ct.  ,  p.  ct. 


Elastic  limit: 

Stress  in  pounds  per  square  iuch !      9. 33    

Relative  elastic  extension  ; '      3. 5 

Ultimate  resistance:  i 

Stress  in  pounds  per  square  inch I      6. 12  j . . . . 

Relative  extension  i 12.75 

Ratio  of  elastic  to  ultimate  resistance 3.  57 

Contraction  of  area  at  fractare  ' .         0.6 

Ultimate  resistance  per  square  inch  of  fractured  area. . .  i      5. 72 


I 


8.65 
2.80 

4.88  i 
1.74 

4.15 : 

27.6 

12.8  ; 


t  This  conclusion  is  simply  confirmatory  of  the  results  stated  by  General  Rosset 
from  tests  made  by  forcibly  restraining  long  bars  of  heated  steel  whilst  cooling. 
(Notes  on  the  Construction  of  Ordnance  No.  11,  page  7.) 
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evident  that  every  nieuiis  sliould  be  used  to  avoid  it.  The  question  in- 
volves three  important  factors,  viz :  (1)  the  nature  of  the  metal ;  (2)  the 
amount  of  shrinkage  employed;  and  (3)  the  heat  employed,  both  as 
regards  its  decree  and  its  nature.  The  first  of  these  points  cannot  be 
discussed  here ;  but  the  A  hoo]),  originally  possessing  a  higher  elastic 
limit  than  the  B  hoop,  showed  a  relatively  greater  loss  than  the  latter, 
whilst  the  two  were  ])resumably  of  like  metal,  so  that  independent  of 
the  chemical  composition  of  the  metal  a  high  development  of  the  elantic 
qualities  in  the  tempering  may  not  be  considered  unmixed  with  evil. 
The  two  remaining  points  may  be  regulated  by  avoiding  excessive 
shrinkages  wherever  possible  and  by  careful,  uni/in-m  heating  to  a  de- 
gree not  greater  than  that  re(|uired  for  the  assemblage.' 

Supplementary  tests  were  also  made  for  hardness  of  the  jacket  metal, 
which  api>eared  under  the  cutting  tool  to  be  softer  after  it  was  heateil 
and  shrunk  upon  the  tube  than  it  was  originally.  The  form  t)f  the  t^st 
specimen  is  shown  in  big.  2,  Plate  111.  Three  specimens  Ji,  J2,  and  J3, 
Fig.  1,  lMat(*  I,  taken  from  the  original  metal,  gave  the  following  de- 
grees of  hardiu'ss  :  18.SS,  i»0.03,  and  21.LM),  an  average  of  20.37;  whilst 
three  others,  J4,  J.,,  and  Ju,  Fig.  3,  taken  from  the  cylinder,  after  the 
hoo])ing,  gave  the  following:  22.51,  18.1l>,  and  10.3J>,  an  average  of 
20.03 — showing  that  the  etfet't  of  the  shrinkage  operations  prmlnced 
little,  if  any,  softening  of  this  metal. 

THE    HOOPINt;    TEST. 

The  ]>urp()se  of  this  experimental  cons  :ruction  was  to  obtain  in  gen- 
eral such  data  as  could  be  made  available  in  the  after  construction  of 
the  gun  ;  to  determine  the  behavior  of  the  elenuMitary  cylinders  in  com- 
bination under  tin*  theoretical  shrinkages  deducetl  by  a  rigorous  appli- 
cation of  the  theories  an<l  formulas;  the  individual  behavior  of  the  ele- 
mentary cylinders;  and  whether  the  aforesaid  theoretical  shrinkages 
should  be  a])plied  in  the  after  constructit)n  of  the  gun  or  to  what  ex- 
tent they  sliould  b<»  modiiird  for  that  construction. 

The  test  is  in  part  necessarily  supplementary  to  the  free  tests  of  de- 
tached spccinu^n  bars.  fi>r  the  latter  serve  to  determine  the  absolute 
values  which  re|iresent  the  ])liysical  properties  of  the  metals  and  be- 
conu*  the  standards  of  reference.  The  hooping  test  furnishes  an  abso- 
lute kiu)wle<lge  ot  the  displaceiiu*nts  of  the  libers  of  the  metal  alone, 
but  by  means  of  this  factor,  which  is  common  to  both,  we  are  enabled 
to  compare  the  results  of  the  two  kinds  of  tests.  In  the  hooping  test, 
however,  each  elementary  cylinder  may  be  considered  as  a  complete 
spe(!inuMi  bar,  oluMlient  to  laws  similar  to  those  which  govern  the  be- 
havior of  drtaehcd  specimens  under  test,  and  therefore  affording  a  more 
certain  knowledgeof  the  tdastic  displacements  of  the  cylinder  assuch  than 
can  be  derived  fnwn  the  free  tests.  The  results  of  the  hooping  test  may 
then  be  used  to  confirm,  or  ])Ossibly  to  modify,  those  determined  by  the 
free  t(»sts ;  that  is,  we  may  find  that  a  given  cylinder  will  stand  the 
same  (or  ]K4haps  a  ditl'erent)  amount  of  elastic  displacement  as  shown 
by  the  free  tests  of  its  metal. 

The  variety  of  rules  and  formuhis  ajiplied  to  the  construction  of  guns 
and  the  lack,  so  far  as  known,  of  concise  data  tending  to  prove  or  dia- 
j»rove  the  reliability  of  any  given  set  of  theories  and  formulas  has  led 
in  the  present  experiments  to  an  attem])t  to  supply  such  data.  Besides 
the  practical  knowledge  ap])licablc  to  the  particular  case  in  hand  to  be 
derived  from  this  experiment  an  opportunity  is  affonled  for  a  critical 
comparison  of  the  results  of  theory  and  practice  as  applied  to  the 
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changes  of  dimensions  occurring  in  each  of  the  elementary  cylinders 
employed,  and  thus  obtaining,  in  so  far  as  the  state  of  rest  of  the  sys- 
tem is  concerned,  a  knowledge  of  the  reliability  of  the  formulas  em- 
])loyed  which  becomes  of  general  application.  The  principles  and 
formuhis  enunciated  by  Major  Olavarino  of  the  Italian  army  (see  Notes 
on  the  Construction  of  Ordnance,  Nos.  6  and  7),  by  their  direct  bearing 
upon  the  data  obtainable  in  an  experiment  of  this  kind,  afford,  better 
than  any  others  in  general  use,  a  means  of  making  the  comparison  de- 
sired. This,  taken  in  connection  with  their  reliability  as  indicated  by 
previous  experiments  and  their  general  reasonableness,  has  led  to  their 
present  adoption.* 

The  effect  of  the  hooping  and  incidental  operations  upon  the  physi- 
cal qualities  of  the  metals  has  already  been  referred  to.  It  is  considered 
an  im])ortant  part  of  the  investigations.  In  other  res[)ects  this  report 
will  include,  in  brief,  the  methods  employed,  the  results  obtained,  and 
such  incidental  matters  of  interest  as  haveb/en  noticed  which  may  be 
of  use  in  future  work  of  the  kind,  either  in  extending  a  knowledge  of 
the  same  or  in  helping  toward  more  complete  investigations. 

MODE  OF  CONDUCTING  THE  TEST. 

The  general  instructions  prepared  in  advance  for  the  guidance  of  the 
work  are  given  in  full  in  Appendix  A,  and  render  further  description 
of  the  kind  unnecessary.  These  instructions  were  varied  in  one  partic- 
ular only,  namely,  that  the  grooves  a  a,  Fig.  1,  Plate  IV,  required  to 
be  made  in  the  end  faces  of  the  A  for  measuring  the  interior  of  the  B 
hoop  in  place  were  cut  before  the  B  hoop  was  assembled.  This  change 
was  introduced  to  simplify  the  work.  It  reduces  the  risk  of  injury  to 
the  interior  surface  of  the  outer  cylinder  and  gives  greater  couftdeuce 
in  the  results.  When  one  cylinder  is  shrunk  upon  another  whose  outer 
surface  it  does  not  cover — that  is,  if  the  ends  of  the  under  cylinder 
project —there  will  be  caused  a  slightly  bell-shaped  form  at  tlie  in- 
terior extremities  of  the  outer  cylinder,  and  the  end  diameters  will  be 
stretched  more  than  those  within.  By  cutting  the  grooves  for  the  meas- 
urements before  placing  the  outer  cylinder  and  thus  not  subjecting  the 
ends  of  the  outer  hoop  at  all,  within  the  limits  of  the  grooves,  to  the 
abnormal  stretch  noted,  it  seems  that  a  possible  source  of  error  is  elimi- 
nated. However,  the  change  made  commends  itself  for  simplification 
of  method  alone. 

The  resultsobtaiued  from  cutting  the  tube  and  jacket  cylinders  in  two 
before  separating  them  in  dismantling  the  section  were,  to  some  extent, 
not  satisfactory,  as  will  be  shown,  and  suggest  the  propriety  in  future 
experimental  work  of  this  kind  of  removing  the  jacket  by  cutting  through 
longitudinally  on  one  side,  as  was  done  with  the  hoops  in  thepresent  case. 

*  It  may  be  remarked  here  that  whilst  these  formulas  are  hereinafter  shown  to  be 
fully  reliable  for  all  practical  purposes  in  indicating  the  radial  changes  of  dimensions 
which  occur  in  the  elementary  cylinders  of  a  compound  cylinder  assembled  under 
shrinkage,  they  are  not  so  as  regards  changes  of  length.     But  if  we  omit  the  factor 

which  (page  6,  Note  6)  Clavarino  introduces  into  his  fundamental  formulas  to  em- 
body the  longitudinal  stress  supposed  to  exist  in  all  states  of  the  system,  and  carry 
this  modification  to  all  the  formulas  of  application,  we  will  obtain  theoretical  results 
which  will  compare  more  closely  with  the  practical  results  of  the  present  experiments. 
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THE  PRESCRIBED  SHRINKAGES. 

The  theoretical  values  of  the  Rhriukages  prescribed  as  the  mean  values 
to  be  applied  in  the  hooping  were  as  follows:* 


Relative  AbBoluto 

valueH.  valuoH. 

Thoutandths.  Inch. 

First  8hriukage 0.4r»KJ3  .  a0005 

Secontl  Hhrinkngii J.H78      ■  0.0303, 

Thinlshiinkago 1.3734  U.OSfil 

The  method  by  which  these  values  were  deduced  is  giveu  in  full  iu 
Notes  on  the  Construction  of  Ordnance,  No.  31,  Part  II,  which  consti- 
tutes a  preliminary  study  of  the  construction  of  this  gun  confined  to 
the  section  over  the  ])Owder  chamber,  and  based  upon  the  qualities  of 
the  metal  of  the  cylinders  used  in  the  present  experiment.  In  deducing 
the  shrinliage  values  the  fundamental  principles  employed  were  those 
of  Clavarino,  but  certain  restrictions  will  be  found  to  have  been  applieil 
in  the  use  of  his  formulas  whereby  the  results  were  made  to  satisfy  the 
strict  requirements  of  the  theories,  and  to  this  it  is  believed  we  must, 
in  a  certain  measure,  attribute  the  satisfactory  comparison  adduced  l)€- 
tween  the  results  of  theory  and  practice. 

FINISHED  DIMENSIONS  OF  THE   CYLINDERS  PREPARATORY  TO  THE  -AS- 
SEMBLAGE. 

The  cylinders  were  bored,  turned,  and  faced  to  the  prescribed  dimen- 
sions while  attached  by  **dogs''  to  the  face  plate  of  an  ordinary  lathe, 
using  a  single  cuttiuir  tool  and  bar.  They  were  first  rough-finished  ou  all 
sides,  then  faced  at  one  end  and  successively  boi-ed  and  turned  to  fin- 
ished size  before  facing  the  opi)osite  end.  The  finished  surfaces  were 
not  ground  or  polished,  but  were  made  as  smooth  as  possible  with  the 
cutting  tool,  and  in  some  parts,  where  a  very  slight  amount  of  metal 
was  to  be  removed,  were  finished  by  using  a  file  in  place  of  the  tool. 
The  results  of  the  measurements  made  of  the  finished  work  are  given  in 
the  following  table : 

*Seo  Appoiulix  A. 
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It  may  be  observe<l  tbat  the  allowed  variations  were  exceeded  in 
two  cases  only,  viz,  the  exterior  (mean  dimension)  ot  the  jacket  cylin- 
der was  tnrned  0.0007  of  an  inch  too  jxreat,  and  the  A  hoop  was  bi>red 
0.0005  of  an  inch  too  small.  Tlie  results  warrant  some  niodiiicatiou  of 
the  allowed  variations  prescribed  by  the  instructions,  appendix  A,  and 
permit  the  establishment  of  the  following  for  similar  gunconstructiou 
work,  viz : 

Inch. 

Mean  ocooiitricity 0.  (uri 

CouicaliiesH 0.  IH>2 

Pjiralh'lisiu  of  ends {).(HK& 

Interior  diameter  (mean  dimenHion) 4r^>.  iHfi 

Exterior  diameter  (mean  dimennion  for  shrinkage) JO.  (KU 

Lenji;tli  (mean  dimension) .^0.005 

Appendix  B  contains  the  separate  measurements  of  dimensious  made 
at  this  time  and  in  all  the  subsequent  stages  of  the  experiment.  All 
measurements  were  referred  to  a  3G-inch  vernier  beam  caliper  reading 
to  0.001  of  an  inch,  nmnufactured  by  Darling,  Brown  &  Sharpe.  Before 
the  completion  of  the  work,  a  set  of  micrometer  rods,  which  cau  readily 
be  read  to  0.0005  of  an  inch,  were  received  from  the  Frankfonl  Arsenal. 
They  were  found  to  be  reliable  and  labor-saving.  When  in  use  they 
were  set  by  the  standard  vernier  beam  scale  and  referred  to  it  from  time 
to  time  for  verification  of  the  measurements  taken. 

THE  SHRINKAGE  OPERATIONS. 

It  was  desired  to  heat  the  cylinders  for  the  Hhrinkage  in  n  hot  air 
chamber,  where  they  would  be  wliolly  protected  from  contact  with  flame 
and  surrounded  by  a  uniform  medium,  having  a  temperature  of  from  500° 
to  (>(M)o  Fahrenheit,  in  which  each  cylinder  should  remain  submerged 
until  it  had  attained  nearly  or  (piite  the  temperature  of  its  surroundings. 
A  hydro-i)yrometer*  was  i)rovided  to  measure  the  temi)erature  of  the 
chamber  from  time  to  time  so  that  thedegiveof  heat  might  be  controlled 
and  the  expansion  of  the  cylinders  due  to  a  given  heiit dieter minetl. 

The  nearest  approach,  however,  to  such  an  air-chamber  that  could  be 
devised  with  the  m(»ans  at  hand  consisted  in  the  use  of  a  reverberatory 
heating-furimce,  which  was  first  raised  to  a  pn>per  degree  of  heat  l^efore 
the  cylinder  was  put  in,  then  closed  as  completely  as  possible  and  a  low 
fire  maintaine<l.  For  handling,  an  iron  carriage  was  arranged  to  run  io 
and  out  of  the  furnace  u]>on  a  cou])le  of  iron  rails  laid  on  the  bottom  of 
the  latter  and  projecting  from  the  door.  The  cylinders  were  plae^l  on 
this  and  stood  in  the  middle  of  the  furnace  for  heating.  The  carriage 
could  be  readily  run  in  and  out,  and  the  expansion  of  the  cylinder  was 
measured  from  time  to  time.  When  finally  taken  from  the  furnace,  two 
inferior  diameters  at  right  angles  were  carefully  measured,  and  also  the 
length.  The  bore  of  the  tube  was  kept  filled  with  cold  running  water 
from  the  time  of  placing  a  heated  cylinder  until  the  whole  se<;tion  became 
comparatively  cool.  No  water  was  a])i)lied  to  the  heated  cylinder  until 
it  had  closed  on  the  under  cylinder;  it  was  then  lightly  aud  evenly 
sprinkled  (with  a  watering  pot)  until  its  temperature  bec^^me  sensibly 
ecpnil  to  that  of  the  under  cylinder.  Water  was  then  copiously  applied 
with  a  hose  over  all  until  the  whole  was  cool. 

A  record  of  the  shrinkage  operations  is  given  in  the  following  tabu- 
lated statements: 

*A  description  of  tliis  pyrometer,  written  by  Lieut.  C.  S.  Smith,  United  States  Ord- 
nance Department,  will  lie  fround  in  the  Report  of  the  Chief  of  OrdnaDoe,  United 
States  Army,  for  1(^S,  pa>(e8  :t74-8.  It  consists  esaentially  of  a  copper  vemel,  contain* 
iiifr,  when  in  use,  65  cubic  inches  of  water,  an  immersed  thermometer,  and  a  oopper  pieee 
of  5.01*2  ounces'  weight,  which,  after  being  heated,  is  submerged  in  the  water,  and  the 
rise  of  temperature  of  the  latter  noted. 
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Tablh  III. — Skrinkage  0p«n)tfoN«— Continaeil. 
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The  cyliiHlers  nere  Diiifornily  exjiandecl  liy  tlie  beating,  see  table (k); 
in  two  cases  tlie  Rvparatv  interior  (linmeterB  meaBured  are  equal,  audii 
the  tliinl  tlie  differf  iice  is  (>.(K>J  of  an  iiteb.  Tlie  reHpectivu  liuear  ex- 
patiBioiiH,  2.80,  2,S^,  nnd  2.7  tliouKniidtliK  per  linear  aiiit,  are  also  atri- 
I'orm.  And  the  wliole,  talit'ii  in  connection  witti  the  observed  tempei*- 
tures  of  tbe  faniacc,  sbovs  that  tbe  c^liuOers  were  not  aabjected  to  u 
excessive  beat. 

Considering  the  inconveniences  of  tbe  arrnnfrements  used  as  oon- 
pared  witb  what  uiicht  be  j^Tfecled  in  applying  tbe  principle  of  the  bofr 
air  chaml>er  these  results  liiniieth  conclosive  evhieiice  of  the  atililjof 
that  method  of  heating.  Tbe  same  certaintj  in  the  operations  OMmol 
be  maintained  in  any  mode  of  heating  where  the  flame  comeu  in  oonttet 
with  the  mclal.  We  mny  obtain  satiufactor;  reonltB  in  practice  by  tant- 
ing  with  fiame  and  removing  the  cylinder  as  soon  as  tbe  reqniBJte  expai- 
Bion  is  obtained,  bnt  in  the  Khort  sjiace  of  time  occujiied  in  beatiof  % 
gun  hoop — lor  an  avei-age  boo|)  not  ezoeeding  one-balf  hour — the  mebl 
cannot  in  this  way  be  heated  uniformly  to  the  low  temperature  reqaind. 

The  observed  temjieratures  are  thoHe  of  the  furnace  only;  tbe  oylli- 
ders  were  taken  out  as  soon  as  the  requisite  eziiansion  was  reached.  Ii 
tbe  case  of  the  B  lim>p,  honever,  tbe  ol)scrved  temperature  of  450°  Fi 
taken  jnt>t  before  tbe  hoop  was  removed  from  the  furnace,  girea  tttj 
nearly  tlie  maxinuim  temperature  of  the  metal,  fur  tbe  hoop  was  not 
apjirediibly  expanded  during  the  last  five  minutes  in  tbe  furnace.  Iha 
temperature  of  tbe  outside  air  at  tbe  time  whs  38°  F.,  so  that  tbeina 
of  temiKTutnre  in  tbe  metal  was  alumt  412°  F.  Its  linear  espanaioa  lif 
the  meatiured  diameters  was  2.7  thousandths,  so  that  there  was  an  tSr 

{lani^ion  of  l).W(i^ti>'-i4  thousandths  per  linear  unit  tor  each  degree  af 
loat,  or  of  l-'i'J  ihonsandiliH  for  212°  F.  TbiscoirfsiMmda  cIokI}*  vjtb 
acce|ited  rules,  i'ussiiig  by  an  inverse  melhoti  to  determine  theactml 
tempciaiuie  of  tbe  metal  of  tlio  two  remaining  cylinders  from  their  ob- 
served linear  expansions,  we  tind: 
Fur  the  jacket: 


2.8G 


-(-13°  (temperature  of  outside  air)=480°  F. 
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f  Tot  the  A  lioop : 

- -■,_■;_   +45<^(tcmiieratiire  of  outside  air)  =  475°  F. 
.OObuoHi 


^m  These  coinputteil  results  are  recorded  in  the  table. 
^F  From  this  it  may  be  conuhided  tliat  a  temperature  of  fiOtP  F,  is  snffi- 
eleiJt  for  ordinary  slmukapee,  and  certainly  no  Iwneflt  will  be  derived 
from  subjei:ting  the  metal  to  any  considerably  greater  degree  of  heat. 

The  recorded  leiiRlh  expansions  of  the  cylinih^rs  have  not  the  same 
Tslse  as  those  measured  diametrically.  A  single  measurement  was 
made  for  each  cylinder,  using  shop  cHlipors,  the  reading  being  after- 
wards taken  from  the  vernier  scale,  but  the  results  are  of  practical 
value.  It  will  be  observed  (b)  that  the  length  expaosioD  ftt  full  heat 
was  quite  equal  to,  if  not  greater  than,  the  circumferential  extension  for 
linear  unit,  and  that  in  the  case  of  the  two  hoops,  where  lenfrth  meas- 
nremeuts  were  taken  at  alwiut  the  time  when  the  heated  eyliniler  closed 
on  the  one  b(>uealh,  this  relative  lenj^th  extension  remaiuoil  {greater 
than  the  circumferential;  Bince  the  latter,  represented  by  the  shrinkage 
valnes  for  the  two  hoops,  was  1.455  and  1.3(112  thousandths,  respectively, 
against  the  ^.0  and  l.ij  thousandths  for  the  length  extension.  When 
ihe  first  of  these  hoop.'i,  after  being  shrunk  upon  the  section,  became 
"  )Otirely  cold,  its  contraction  in  length  (see  Table  Yl)  was  about  O.l 
ftousaudtb,  and  that  of  i  he  second  or  outer  hoop  abon  t  U.2  thousandths 

p  linear  unit.  There  was  then  a  decided  contraction  of  tiie  leucth, 
.,  2.1  thousandlhH  per  linear  unit  for  the  A  hoop  and  1.S  tbcusaudths 
br  the  B  hoop  between  the  period  of  clamping  the  under  cylinder  and 
Aie  final  state  of  rest  This  shows  the  necessity  fur  n  powerful  end 
J  resBure  upon  a  hoop  whilst  cooling,  as  is  believed  to  be  already  the 
'  general  practice  iu  order  to  secure  close  joints.  It  is  probable  that  even 
this  end  pressure,  unless  it  were  powerful  enough  to  overcome  the  fric- 
tion due  to  the  shrinkage,  would  not  secure  close  joints  without  the  ad- 
ditional precaution  of  "nipping"  the  contact  end  of  the  hoop  by  an  ap- 
plication of  cold  water. 

The  jacket  cylinder  was  assembled  with  a  "play"  of  0.034  of  an  inch 
over  the  exterior  of  the  tube.  It  cooled  aud  contracted  very  slowly, 
and  there  was  an  interval  of  forty-lour  minutes  before  it  closed  on  the 
tube.  Thirty  minutes  af^er  being  placed  it  was  still  loose  enough  to  be 
moved.  This  length  of  time  should  be  am])ly  sufficient  to  enable  the 
assemblage  of  the  gun  tube  and  jacket  proper  by  the  screw  connection 
eon  tem  plated. 

It  appears  from  these  experiments  that  a  clearance  of  0.03  of  an  inch 
on  the  diameter  is  sufficient  to  allow  in  estimating  the  requisite  expan- 
sion for  assenjbling  the  parts  of  a  gun.  With  this  clearance  the  A 
boop  was  eleven  minutes  iu  contracting  to  the  size  of  the  under  cylin- 
der, and  with  a  slightly  greater  clearance  the  li  hoop  was  sixteen  min- 
utes in  contracting.  This  modifies  but  slightly  the  rule  given  in  the 
instructions  (Appendix  A),  whicli  limits  the  exiiansiou  to  betweeu  2.5 
and  3.5  thoUMindths  of  the  interior  diameter. 

The  assembled  gun-secliou  is  represented  in  Plate  IV.  Tlie  scored 
and  numbered  diameters  were  used  for  determining  the  jilanes  iu  whicb 
all  the  measurements  were  taken.  The  interior  measurements  of  the 
cylinder  in  place  were  made  in  the  grooves  or  iiu-isions  represented  as 
out  in  the  end  faces  of  the  under  cylinders.  These  measurements  were 
made  during  the  assemblage  and  dismantliug  of  the  guu<sectiou  in  the 
order  given  in  Appendix  It. 
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DISMANTLING  THE  GUN-SECTION. 

^  The  B  and  A  hoops  were  removed  consecutively  by  cutting  throagh 
longitudinally  from  tlie  exterior  on  one  side,  and  then  wed^i^ing  the  sides 
of  the  cut  ai)art  sufficiently  to  allow  the  hoop  to  slide  free  from  the  sec- 
tion. The  tube  and  jacket  pieces  before  being  separated  were  cut  into 
two  equal  lenjiths;  from  one  of  these  halves  the  jacket  piece  was  re- 
moved in  the  same  way  as  the  hoo])s,  and  from  the  other  the  tube  piece 
was  removed  by  cutting  through  longitudinally  on  opposite  ends  of  a 
diameter.  This  left  one  half  each  of  the  tube  and  jacket  cylinders  com- 
plete for  a  determination  of  the  permanent  set  of  these  cylinders  when 
finally  free. 

f  The  following  is  a  record  of  certain  measurements  made  during  the 
dismantling.  The  theoretical  normal  pressure  given  is  the  computed 
pressures  (see  Apjiendix  C)  existing  at  the  interior  surface  of  the  c^iin- 
der  upon  the  comniencement  of  the  cut  taken  for  its  removal.  In  the 
case  of  the  tube  the  pressure  was  acting  upon  the  exterior  surface. 

Taulk  IV.—Iiecord  of  the  removal  ofo$Under%, 
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Oylinders. 


Tablb  IV. — Record  of  the  removal  ofcyUndera — Continued. 


Thickness  of 
wall. 


■i 

o 

Inches. 
2.25 


Tabe 


11 


ila 

a- 2 


Inches. 
0.75* 


0.5 

0.125 

0.04 


d 

e 

|a 

p  eS 

>    § 

S  O 

o  o 

0 

CO 


JncA. 

6.6608 


I  Theoretical ; 

normHl 
I  pressure  in  | 
'•  tons  p»*r 
'square  inch.* 


Width  of  cnt  at 
exterior. 


0.001 

0.0015 

0.003 


u 
e 

X 

a 


u 
o 

1 

H 


1.55 


-a 


/ncA. 


Area  of 

fractured 

metal. 


Inch.  \8q%Mreineh. 


(not  broken) 


Remarkav 


First  compression  ob- 
served. 


Gut  could  not  be  raad» 
further  without  in- 
jury to  iaterior  of 
jacket. 


By  this  method  of  removal  it  was  expected  to  derive  information  re- 
garding the  stretch  of  the  fibers  in  the  "remaining  thickness  of  metal,'' 
and  also  the  bnrsting  tension  of  this  metal,  which  might  aflford  aseful 
information  by  comparison  with  the  results  of  the  free  tests  of  the  metal^ 
but  the  B  hoop  was  the  only  one  of  the  four  cylinders  which  broke 
naturally  during  the  cutting;  the  A  hoop  and  jacket  had  both  to  be 
finally  broken  by  wedging.  During  the  cutting,  when  the  metal  com- 
menced to  give  perceptibly,  the  sides  of  the  cut  assumed  a  peculiar 
concave  shape,  and  in  the  case  of  the  two  hoops,  where  the  interior 
pressure  was  considerable,  the  metal  under  the  cut  bulged  upwards 
when  there  was  yet  from  0.25  to  0.5  of  an  inch  of  thickness  remaining. 
These  peculiarities  render  the  data  of  no  avail  for  the  purpose  contem- 
plated. But  the  data  pertaining  to  increase  in  width  of  cutis  of  valae 
in  showing  the  point  of  "first  observed  stretch,''  and  that  at  which  the 
remaining  metal  began  to  give  way  when  it  may  be  said  to  have  passed 
its  limit  of  cohesion.  The  hoops  were  cut  nearly  half  through  before 
any  stretch  was  apparent,  and  the  jacket  having  to  support  an  interior 
pressure  of  only  about  1.5  tons  per  square  inch  was  cut  three-fourths 
through  before  the  stretcii  became  apparent.  In  the  case  of  the  tube 
subjected  to  a  computed  exterior  pressure  of  1.6  tons  per  square  inch^ 
the  first  ai)preciable  compression  took  place  with  0.75  of  an  inch  of 
metal  left,  and  the  final  compression,  0.03  of  an  inch,  when  one  side  was 
cut  through  as  nearly  as  possible,  shows  that  the  cylinder  was  then  suffi- 
ciently compressed  to  be  entirely  relieved  from  the  contractile  effort  of 
the  jacket. 

The  area  of  fractured  metal,  0.45  square  inch,  in  the  case  of  the  B 
hoop  would  indicate  in  itself  a  bursting  tension  of  over  40,000  pounds^ 
but  the  fracture  was  assisted  by  the  abrasion  of  the  tool  and  especially 
by  the  upward  bulging  of  the  thin  stratum  of  metal. 

Figs.  2,  3,  and  4,  Plate  IV,  are  sketches  relating  to  the  form  of  cut^ 
and  in  Fig.  4  is  represented  the  bulge  which  took  place  in  the  metal  under 
the  cut.  From  the  actual  form  assumed  by  the  sides  of  the  cut  it  will 
be  seen  that  the  widening  could  not  be  wholly  attributed  to  the  stretch 
of  the  uncut  metal,  but  as  the  hoop  stretched  there  was  a  circumferen- 
tial sliding  of  the  fibers  about  the  middle  of  the  wall  over  those  beneath. 
The  curved  shape  of  the  sides  of  cut  can  be  explained  by  the  distriba- 
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tioD  of  the  tension  in  the  wall  of  a  cylinder  subjected  to  an  interior 
pressure,  this  tension  being  greater  at  the  middle  and  towards  the  infee- 
rior  of  the  wall  than  at  the  exterior. 

FINAL  DIMENSIONS  OF  THE  CYLINDERS  WHEN  DISMANTLED. 

The  fact  that  the  two  hoops,  although  cut  oi>en  on  one  side,  resamed 
an  essentially  circular  form  when  free  led  to  a  careful  measurement  of 
their  interior  diameters  and  lengths  and  to  the  adoption  of  the  data  that 
obtained  for  showing  their  final  dimensions  the  same  as  though  theoe 
cylinders  had  been  preserved  entire. 

A  summary  of  these  measurements,  in  connection  with  those  made  of 
the  complete  half  cylinders  of  jacket  and  tnbe,  is  given  in  thelbllowing 
table,  with  the  corresponding  measurements  of  the  cylinders  in  their 
original  state,  for  comparison : 
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BecollectiDg  that  the  two  hoops,  besides  bein^cat  0)>en  whilst  under 
strain,  were  also  forced  oi)en  by  wedpng:,  tlieir  final  eccentricity,  ODui- 
cainess,  and  permanent  set  ap]>ears  remarkably  small.  The  only  lliffi*^ 
en  CCS  from  original  dimensions  worthy  of  note  are  the  eccentricity  of 
the  A  hoop,  now,  however,  a  total  of  only  (K(i()24  of  an  inch,  antl  the 
permanent  set  of  mean  interior  of  B  hoop.  This  ])ermanent  set  is  shown 
by  the  recorded  measurements  to  be  uniform  for  the  whole  hoop,  from 
which  we  infer  that  it  was  due  to  the  natural  <)])eration  of  the  hooping 
test  and  not  influenc^ed  by  the  wedging,  which  would  have  abnormally 
increased  the  diameter  per])endicular  to  the  cut.  Taken  in  conuection 
with  the  results  of  previous  hooping  tests  (Notes  on  the  Construction  of 
Ordnance,  No.  25),  this  leads  to  the  conclusion  that  there  will  always  be 
a  slight  permanent  set  in  the  outer  hoop  when  heat  is  used  for  the 
shrinkage.  This  also  points  to  the  facts  disclosed  by  the  tests  of  de- 
tached specimens  made  subsequent  to  the  hooping  test,  viz,  that  the 
elastic  and  ultimate  resistance  of  the  metal  to  tension  is  lowered  by  the 
shrinkage  operations. 

It  will  be  seen,  however,  that  the  A  hoop  and  jacket,  although  stretched 
by  shrinkage  whilst  hot,  as  was  the  B  hoop,  have  now  no  permanent 
extension,  showing  that  the  compression  to  which  they  were  subse- 
quently subjected  corrected  whatever  permanent  set  may  have  been  in- 
duced when  they  were  first  assembled.  Keferring  again  to  the  tests 
made  after  the  hoo])iiig  test  wo  find  confirmation  of  the  opinion  that 
whilst  the  original  shrinkage  of  a  cylinder  upon  the  outside  of  a  system 
ma.>  injure  the  tensile  qualities  of  the  metal,  this  will  not  prevent  a  sub- 
sequent elevation  of  its  property  to  resist  an  opposite  strain  when  the 
same  hoop  is  subsequently  enveloped  by  others  shrunk  upon  it,  and  in 
fact  that  a  certain  elevation  of  its  qualities  to  resist  compression  is 
brought  about  under  the  circumstances. 

The  half  lengths  of  tube  and  jacket  show  a  marked  and  uniform  ooni- 
calness  orcontracticm  towards  the  cut  taken  in  dividing  these  cylinders 
whilst  they  were  still  shrunk  together.  The  two  halves  which  were 
preserved  entire  for  final  measurement  are  shown  in  position.  Fig.  5, 
Plate  IV.  The  tube  on  the  diameter  (/i)  away  from  the  cross-cut  hasan 
outward  set  amounting  toO.OOOT  of  an  inch,  whilst  on  (^),  near  the  plaoe 
of  the  cut,  the  permanent  contraction  was  0.003  of  an  inch.  The  final 
measurements  for  the  jacket  show  the  same  form,  at  the  outer  end  a 
permanent  extension  equal  to  0.(M)1  of  an  inch,  and  near  the  cut  a  per- 
manent contraction  equal  to  0.0012  of  an  inch.  Inasmuch  as  this  form 
was  not  present  before  the  cross  cut  was  made  it  must  be  due  to  that 
operation.  It  may  in  i)art  have  been  caused  by  the  inward  pressure  of 
the  cutting-tool,*  but  is  more  ])robably  due  to  the  release  of  the  metal 
near  the  cut  from  the  state  of  tension  existing  at  the  time.  Whilst 
shrunk  together  the  momentary  contraction  in  length  of  the  Jacket  was 
0.053  thousandths  per  linear  unit,  and  the  tube  was  extended  0.127 
thousan<tths  per  linear  unit,  so  that  there  existed  a  longitudinal  as  well 
as  a  circumftMvntial  state  of  tension.  Other  than  the  interest  attached 
to  this  peculiar  an<l  somewhat  inexplicable  behavior,  the  division  of  the 
cylinders  whilst  still  combined  is  to  be  regretted,  since  it  throws  doubt 
npon  the  final  state  of  both  as  aftecte<l  by  natural  causes  due  to  the 
hooping  test  alone.  However,  the  inference  is  fair  that  if  either  of  them 
had  been  pres(Mve<l  entire  (in  length)  there  would  have  been  shown  a 
very  slight,  if  any,  permanent  set.     If  the  whole  length  of  jacket  had 

*Tho  nit  was  min\v  with  a  tool  alioiit  0.(i^'>  of  an  inch  wide,  tirer  from  the  exterior 
antil  abont  1  inrh  thirkiifNs  of  metal  wat*  left,  th<Mi  from  the  interior  oiitwaidi  te 
Beet  the  cut  made  from  the  out  Aide. 
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been  removed  from  the  tabe  by  a  longitudinal  cut,  as  in  the  case  of  the 
hoops,  fairly  ac^curate  data  would  have  been  obtained  in  regard  to  the 
eflect  of  the  hooping  test  upon  it,  whilst  the  tube,  which  on  the  whole 
mny  be  considered  the  most  important  of  the  four  cylinders,  would  have 
been  left  in  perfect  condition  for  determining  the  effect  of  the  hooping 
test 

SUMMABY  OF   THE  RESULTS. 

The  table  which  follows  embodies,  in  the  first  part,  the  mean  dimen- 
sions of  the  separate  cylinders  for  all  changes  of  state  (except  the  heated 
state)  incident  to  the  hooping  test,  and  in  the  second  part,  the  linear 
and  proportional  differences  corresponding  to  those  mean  dimensions 
expressed  in  relative  and  absolute  values.  The  separate  single  meas- 
urements from  which  these  means  are  derived  are  given  in  lull  in  Ap- 
pendix B. 
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We  observe,  flrst,  lliat  the  miiximurn  cliangea  per  unit  of  length  to 
which  the  flbera  of  tin.-  itietalu  were  siibjectp4  stand  as  follows :  Tangen- 
tial comprfssiori  of  intprior  fibers  of  tube  and  jacket,  respectively,  1.338 
^^jiil  0.'J92S  thousauiltlih ;  iHiigeulial  extension  of  interior  fibers  of  A  and 
^^K  hoops,  re8pectivel,v,  l.dUaU  and  1.1407  thon^sandths,  or  tliemomoutury 
^^nsplai-ements  of  these  Sbera  were,  reiii)ectively,  lOlt,  20,  03,  iiuil  05  per 
^nent.  of  the  disphicenients  Hfisumed  as  saf-  aader  the  tests  of  detached 
^^peciniens  of  the  metals  made  before  the  hooping  lest. 

The  line  of  permanent  set  at  the  bottom  of  the  table  givea  the  sum- 
mation of  the  results  of  the  hooping  lest  in  relation  to  the  elastic  exten- 
aibiiily  and  uompresNibility  of  the  cylinders  under  the  disidacemeiits 
named,  but  in  interpreting  these  results  we  must  consider  the  varioas 
disturbing  caH»es  whiob  have  been  mentioned.  By  giving  what  is 
considered  a  proper  weight  to  these  causes,  the  concUiaiou  is  reached 
that  the  three  inner  cylinders  preserved  their  elastic  properties  iutaot, 
while  the  outer  cyliniler  or  B  hooj)  received  a  slight  permanent  set. 
Practically,  then,  in  so  far  as  this  test  alone  is  to  be  jndged,  the  cyl- 
inders of  metal  have  shown  an  elastic  displacement  exactly  commen- 
Buratti  with  that  determined  by  the  free  tests  of  Uie  original  metal.  This 
conclusiou  is  independent  of  IhoeB'ect  of  the  hooping  test  upon  the  phys- 
ical qualities  of  tlie  metals,  a.i  shown  by  the  compaiison  of  tests  of  de- 
tached specimens  made  before  and  after  the  hooping  test,  and  elsewhere 
Boferred  to.  Considering  alone  the  action  of  the  cylinders,  as  such,  the 
poping  te.'tt  has  Khowu  that  the  cylinders  jiossessed  a  most  satisfactory 
piformity  of  elastic  strength.  Its  results  would  also  indicate  the  pro- 
riety  of  using  the  values  determined  by  the  preliminary  free  tests  of 
the  metals  to  represent  their  standard  jthysical  properties  without  modi- 
fiuation.  The  tests  of  metal  niadealtertlic  hoojiiug  nhow,  however,  thut  as 
regards  the  two  hoops  in  this  construction,  a  reduction  of  about  10  per 
cent,  in  the  values  so  determined  is  advisable.  None  is  needed  for  the 
tube  metal,  for  that  was  strengthened  liy  the  hooping,  and  the  essential 
qualities  of  the  jacket  metal  were  also  rather  improved  tlian  ntlierwise. 
Through  the  intermediate  changes  of  state  the  several  cylinders  re- 
epnmled  evenly  and  uniformly  to  the  successive  pressures  aud  reliefs 
from  pi-essuree  to  which  they  were  subjected.  The  tube,  which  was  the 
only  one  of  the  four  cylinders  not  heated,  but  which,  on  the  other  band, 
was  tlie  ouly  one  subjected  to  a  disjilacemeut  (iu  the  section  when  as- 
sembled) equal  to  the  limit  assumed  a»  safe  for  the  metal,  shows  an  ex- 
cejitional  uniformity  in  these  intermediate  changes.  After  the  A  hoop 
Wits  removed,  the  mean  diameter  of  the  bore  reverted  to  the  precise 
value  it  hiid  before  the  assembbige  of  this  hoop.  Meantime  this  dimen- 
sion or  the  bore  of  tube  had  undergone  four  changes  of  form.  The 
tneiisnrement^  of  the  interior  of  tube  deserve  special  eousideration,  be- 
cause the  series  is  intact  from  the  commencement  of  the  experiment  up 
to  the  division  of  the  combined  i  ube  and  jacket  at  the  llnal  Hta:>e.  More- 
over, it  is  the  only  seriet*  of  the  whole  which,  up  to  the  perio<l  named, 
can  be  eonsiden-d  aVisolutely  free  from  thf  disturbing  causes  introduced 
by  the  devices  used  throughout  the  experiments  fur  taking  the  ueces 
sary  measurements  of  diameters. 

The  data  of  the  preceding  table  relating  to  changes  in  the  lenglhs  of 
the  cylinders  cannot  be  (idfoii  throughout  with  tlie  same  confidence  as 
that  relating  to  the  diameters,  for  the  reason  tliat  the  measurements 
wiTo  difficult  to  make  and  because  the  lengths  measured  were  relatively 
short.  Hut  there  is  no  exce|ilion  shown  to  the  following,  viz:  A  cyl- 
inder subjected  to  a  pressure  acting  only  upon  its  esterior  cylindrical 
^surface  will  be  elongatml,  and,  couveiaely,  a  cylinder  snbjeuted  to  a 
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pressure actiniroDly  upon  itsinterior cylindriealsnrface  will  be  contncted 
in  length.  Tbis  proves  the  import  of  the  two  rules  to  the  same  eflM 
given  by  Virgile(pnge  15,  Notes  on  tbe  Construction  of  Onlnaiice,No.9X 

In  making  a  comparison  of  tbe  relative  changes  in  the  direction  of  the 
radii  and  of  the  lengths,  we  have,  for  the  case  of  an  interior  pressure, 
the  data  relating  to  the  compression  of  the.bore  of  tube  in  three  different 
stages;  and  for  the  case  of  an  interior  pressure  that  relating  to  each  of 
the  three  outer  cylinders  when  first  assembled. 

The  separate  cases  are  summarized  in  the  following — 

Tabus  VII. — Campanaonofrelatire  changes  of  dimensions  in  the  direcUon  of  Ike  radH 

of  the  lengths, 

[a.  Preasnre  on  exterior  cjlindrieal  eiir&oe  tloae.] 


If  eMnrements  of  cylindera. 


I  Tnnjrential  compmuiioii  of  bore  of  tnbe 
I  Oiii*-lliinl  conmreHHion  of  Iwne  of  tube.. 

;  ExtfiiKion  in  )«ni:th  ni*arl»ore" 

■  Mean  extension  in  length 


JaclEet  ap- 
plied. 


A  hnop  ap- 
plied. 


Bhoopap* 
plied. 


ThoaMindib8|Thoii«andths  TboaMBdths 
per  linear    |    per  linear    I    per  linear 


unit. 


unit. 
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0.370 
0.12l{3 
0.  ]2(HS 
0.13U3 
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a(«43  ■ 
a  2018  ! 
0.44:13  - 

0.44152 


[Preaaure  on  interior  cylindrical  surface  alone.) 


nnit.. 


1. 

0.4.117 
0.51U 
0.48IS 


Tsn^ntial  extension  of  exterior  of  JaclEet.. 
One-third  extenHiun  of  extei  ior  of  Jacket  . . . 

Contraction  in  lensnh  near  exterior* 

Mi-an  (*ontiai'tion  in  Icnisth 

Tanyentisl  extension  of  exterior  of  A  hoop. 
One-third  extension  of  exterior  of  A  hoop  .. 

Contraction  in  length  near  exterior* 

Mean  contraction  in  len^Eth 

Tanicential  extension  of  exterior  of  B  hoop.. 
One-third  extension  of  exterior  of  B  hoop. .. 

Conti  action  in  lenjrth  near  exterior* 

Mean  contraction  in  length 


a  1221 
0.0IU7 
0.0018 
0.0020 


aM58 
a  1167 
aiM7 
0.0933 


•lSTO 

•L»tl 

OLlMi 
0.1MI 


*KefeT8  to  measurenenta  of  the  lenjith  made  on  the  circumferenoe  of  a  oirele  0.25  of  ai 
tcrior  (or  exterior).    See  lecoid  of  nieasurements,  Appendix  B. 

The  theoretical  rule  that  the  length  extension  of  the  tnbe  nDder  its 
exterior  pressure  should  equal  one  thinl  of  the  tangential  compression  cf 
the  bore  is  ])ractical]y  fullilled,  only  that  under  the  application  of  the 
A  and  B  hoops  the  actual  length  extension  was  somewhat  greater  thai 
the  one-third  value.  The  result  shows  that  in  estimating  the  probable 
length  extension  of  the  tube  of  a  coini)ound  cylinder  a  value  of  not  leu 
thnn  one-third  the  tangentiiil  compression  of  the  bore  should  be  takes. 

By  the  theory  the  relative  length  contraction  of  each  of  the  three  outer 
cylinders  when  assembled  shouhl  have  been  equal  to  one-third  tbe  tan- 
gential extension  of  their  exterior  surface,  but  we  find  it  to  have  been 
UHich  less  than  this.  The  results  are  too  discordant  to  warrant  definite 
coiieliisions  from  this  experiment  except  to  show  thai  there  wan  an 
actual  contraction  which,  even  in  the  B  hoop,  where  it  is  relatively  the 
greatest,  did  not  exceed  one -fourth  the  relative  extension  of  the  exterior 
circumference  of  the  cylinder. 

Two  cylinders  being  once  shrunk  together,  these  experiments  go  to 
prove  that  the  two  surfaces  in  contact  will  move  together  in  nubseqaant 
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elonfcntions  produced  by  tbe  sliriiikao^e  of  exterior  cylinders.  Qpon  tlie 
anseinbliige  of  the  A  boup  the  exterior  portion  of  the  tube  was  elongated 
O.UUIC  of  ill!  inch,  and  tbe  interior  {lortiou  of  tbe  jacket  O.OUIT  of  an  inch, 
the  subsequent  asdemblage  of  tbe  B  hoop  increased  tbe  above  equally 
by  O.OUUS  of  an  inch  and  produced  at  the  contact  surface  of  A  hoop  OD 
jacket  an  increase  of  U.OOUi  of  an  inch  in  tbe  length  of  tbe  enter  portion 
of  tbe  jacket,  and  of  O.OOUG  of  an  inch  in  ttie  length  of  the  inner  portion 
of  tbe  A  boop.  The  two  surfaces  becnme  one  in  efl'ect  froin  tbe  friction 
between  tbem  ;  and  wlien  tbe  state  of  things  is  reversed — tbat  is,  when 
the  gun  18  tired  and  tbe  exterior  pressures  bere  considered  become  in- 
terior pressures — we  may  expect  tbe  outer  cylinders  to  assist  mnlerialljr 
in  preventing  longitudinal  rupture  of  tbe  inner  ones  if  tbe  covering  in 
lotiuuous  without  joints." 


THEOBY  AND  PEACTIOE  COMPABED. 


The  method  given,  pp.  14-16,  yotes  on  the  Construction  ol  Ordnance 
'So.  31,  has  been  applied  in  tbe  present  case,  uuing  the  actual  vnluen  of 
the  shrinkages  empb)yed  to  make  a  completi'  analysis  and  comparison 
of  the  theoretical  values  for  tbe  changes  <if  dimensions  with  tbe  actual 
Talues  given  by  the  measurements  tiiken  in  these  experiments. 

The  comparisoQ  is  arranged  in  the  following  table.  The  values  (ab- 
solute and  relative]  given  in  the  central  columns  [b)  are  taken  from  the 
summary  table  of  Insults  which  precedes;  those  of  tbe  antecedent  col- 
umus  (a)  have  been  computed  by  tbe  method  of  Note  31  (see  Appendix 
G).    The  values  given  in  tbe  third  pair  of  columns  (c)  are  also  theo- 

Ijretlcal,  and  have  been  computed  by  a  method  similar  to  the  preceding, 
incept  that  tbe  factor 
[  _      PRs-P'R" 

thic 
lapp 
■11  tl 


If'-R' 


B  introduced  by  Olavarino  to  represent  the  longitudinal  stress 
Apposed  to  esist  in  the  elementary  cylinders,  has  been  omitted  from 
•11  tbe  formulas  of  application. 


Tabia  Tin. — Compariion  of  aclual  (meaiurad)  ehangei  o/  dimeniiani  teith  lieotelical. 


...h,.. 

'^■' """""■"""""""■ 

Tbeonil. 
W 

AntiuL 

Theorel- 

(W 

jnn  w*o»-»MiJnn.»a«  or  jaoht. 

-O.MM 
+0.UJ2T 

-0.M1I6 

+o.Min 

■t-o.  ati4 

+1).  1211 
-0.  0767 

-O-STB 

+o.atT» 

+I).1»M 

■  Ttiu  acility  uf  poll  all  in;;  tliusiirriiuFH  nr<:uiitiiut  iacluabtlul ;  l.lie  Inuifltcidiiial  iria- 
tion  in  all  iutjiarlaut  factur,  aiiU  il'  iIih  Hliriiiku);e  Hurrai.CH  aru  tiHil-Rniitliei),  (itriii(;bt, 
Bdil  triii^,  witb  a  BUffiuieiitly  tiuKolh  HDrfuva  tu  ailiiiit  uf  tlie  nccedsary  acuarauy  of 
■leaaureuieat,  it  would  oppeiir  Uial  ftaj  laiUier  Qniali  ia  st  tiie  least  uiineueasaryi 
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Tablk  VIII. — Comparison  of  actual  {measured)  changes  of  dimemsiona — Continuwl. 


Inches. 


ThooMuidtlM  per  Ubcat  wdi 


8tAj(es  of  constructiou-mcaaureiuents. 


Thw>ret-  j 
ioal. 
(a) 


Actual. 
ib) 


•  Theoret-   Theoret- 

ioal.  ical. 

(«)  (a) 


Act  UAL 


leaL 


aSCOXI)  STAGK— AB8SMBLAGB  OF  A  HOOP. 

UKa    iMeaiurementt  qf  diameterit. 

Borv>  of  tube 

■xtenor  of  tnli*^  

Interior  of  iackf  t  

Kxierior  of  j;irket 

Interior  of  A  hoop 

Exterior  of  A  luxip 


-  0.  (Mixe 
-0.  (XI73 
-0.  (H  0^ 

-0.  (M)i:j 
+0.  irjHO 
+0. 0-J50 


-II.  0075 
-0.  01H)8 
—0.  IHIU 
+«.  0'.'79 
+0.  l»250 


l-O     I 


-o.oom 

-0.  0f8l 
-0  0014 
-0.i'02.-» 
+0. 02*\8 
+0.  0*250 


-0.911 
-0.5177 

-o.a'nx) 

-0.  0()I2 
+  1.27V.'i 
+0.  W72 


-a884S  t 
-0.53.V4  , 
-0. 0.171  I 
—0.0639 


•-0. 
— 0.1 

•aim 


Meaturementi  of  length. 


Tub©... 
Jacket. 
A  hoop. 


+0.0021     -0.1R32 
+0.0<*10  ,  -0.u7i3 
+0.0014  '  -0.0007     -0.0024     +0. 1R95 


-0.  0014 
—0.  0(100 


+0.0032 
+0.  (K)I4 


+1.2681  1  +L3<79 
+0.M585I  +flL9f;t 


+0.4atS  I  +lLa9II 

+o.]i«»!  +&»n 

— 0.083S4>  •O.USV 


rUIBD  (FUVAL)  srAGK— ASSEMBLAGE  OF  B 
HOOP. 

Meanirementt  (\f  diametert. 

Boreoftubo -0.01,32     —0.0120 

Exterior  of  tube I  -O.OIU  <  -0.0108 

Interior  of  lacket —0.0014  =  -0.0041 

Exterior  of  jacket -O.IHMO     -0.(Kl."»2 

Interior  of  A  biK>p  +0.0244     +0.ir24l 

Exteriorof  A  hoop -f0.('2i:i  :  +0.1)192 

Interior  of  B  hoop  +0.0.t:1      +O.O.I1O 

Bztenor  of  B hoop +0.028:>     +0.0276 

MraturemenU  C(f  length.  ' 

Tnb«* — 0.00*i2     +0.0038 

Jaoket -0.0013     +0.0022 

A  hoop +0.00«i7      -0.0<I01 

Bhoop +0.0014     — O.0014 


—0.  OlSl 
-a  0124 
-0. 00.'i7 
—0. 0072 
+0.0221 
+0. 0199 
+0.  03i»7 
+0. 0285 


+a0036 
+0.0021 
-0. 0012 
-0.0023 


—1.390 
-0.7H99 
—0.3112 
-a  2252 
+  1.1083 
+0.80.'^) 
+  1.2190 
+0.9046 


-0.278    . 
-0.1667 
+0.0981 
+0.18092 


-1.858 
-0.7710  ; 
-0.2928  , 
"0.2361  ' 
+1.0956  I 
+0.7291  ; 
+  L1407  ! 
+0.A762  I 


+0.4811 
+0.2912 
-0. 013» 
-a  1868  ' 


-Lsm 


+1.U  _ 

+6i7aa 

+L16II 


-MLflMI 


I 


KOTR. — The  theoretical  relative  valnea  for  railial  ehanscMi  are  computed  from  the  preaoril^d  il: 
lera.  vix :    Po  =  9"  .5;  Di  =  14"  .0 :  Dt  =  22"  .0 ;  l>j  =  20"  .3 ;  D4  =  31" .5.  in  connecUoD  with 
lowins  actual  ahrinkatre  r.iiuea  employeil  in  the  connt ruction,  yii : 

Jacket,  absolute,  0  00*17  of  au  inch  :'rel.(tive.  0.47.'<({  thouMandth  per  linear  Inch. 

A  hoop,  abrtolut  -,  0.0.12  of  an  inch  ;  reUtive,  1.4.VI7  thonaandths  per  Hneikr  inch. 

B  hoop,  abaolute,  0. 0358  of  an  inch ;  relative,  1.3012  thousandths  per  linear  inch. 

Tlie  coineideneo  of  all  these  results  as  regards  rarfia/cUaiiges  of  dimen* 
sions  winch  directly  concern  the  taiif^ential  re.Hi8tance  is  remarkable  aad 
sntlicient  to  establish  confidence  in  the  practical  reliability  of  the  for 
uiulas  used  for  coini)utin«;  the  shrinkages  and  Che  tanji^ential  resiatanoe 
of  a  ^un.*  The  most  wei^rht  should  be  attacked  to  the  conipariaona  at 
"bore  of  tul)e,"  and  at  the  exterior  of  each  cylinder  ns  assembled,  be- 
cause  the  actual  ineasurenients  taken  at  those  surfaces  are  complete  ftr 
the  whole  leii<rth  of  cylinder,  whilst  the  remaining;  diametrical  measare* 
inents  were  taken  only  within  the  ends  of  the  cylindera  and  may  be 
8lij»:htly  affected  by  can.ses  whit-h  have  been  mentioned.  The  theoretic 
cal  values  for  compression  of  the  bore  of  tube  are  the  same  as  the  actual 
in  the  *•  first  sta<re,"  butj^ain  slightly  on  the  latter  towards  the  final  stagei 
whirh  may  be  taken  as  indicative  of  the  increasing;:  ix'sistance  of  the 
tube  metal  to  compression.  (Comparison  of  tests  of  detached  sped* 
mens  of  the  metal  made  before  and  after  the  hooping;  test,  Table  I.)  Oa 
the  other  hand,  the  com]iarisons  at  the  outside  surfaces  uame<1  do  not 

*By  this  is  meant  the  limiting  interior  preBsnru  to  which  a  rud  shoatd,  fiirMlf«lit 
be  Hiilije('t**(l  when  Hrst  tired.  It  is  believi'd  rhutagiin  tnude  of  steel  umy  be  Btfeagtb- 
•ued  b\  the  tiring,  if  it  is  not  too  st^verely  strained  nt  first.  Witness  the  InereMiA 
cap-icity  to  perform  work  induced  even  by  tlie  excesbive,  suddeo  stimin  to  wbloll  Aft 
three  specimens  of  the  B  hoop  metal  were  subjected.     (Table  I.) 
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indicate  the  weakeniug  of  the  elastic  properties  of  the  metal  of  these  cyl- 
iuders,  which  the  after  tests  of  the  metal  prove  to  have  bi'en  brought 
aboat  by  the  shrinkage  operations,  and  this  in  itself  is  satisfactory  as 
detracting  from  the  apparent  serionsnessof  that  weakeniug. 

Considering  the  changes  in  lengths  alone  the  comparisons  show  badly 
for  the  values  deduced  by  Olavarino's  theories,  without  modification, 
which  give  in  every  case  a  contrary  sign  from  the  actual;  that  is,  they 
indicate  a  contraction  where  there  was  an  actual  extension  and  an  ex- 
tension where  there  was  an  actual  contraction.  But  for  the  remaining 
set  of  theoretical  values,  columns  (c)  determined  from  his  theories  as 
modified  by  neglecting  the  longitudinal  stress,  tiie  comparisons  with  the 
actual  changes  of  length  show  probably  as  exact  a  coincidence  as  could 
be  expected  from  the  accuracy  of  the  experiments.  This,  however,  does 
not  detract  from  the  practical  utility  of  Olavarino's  formulas  as  given 
(Note**  on  the  Construction  of  Ordnance,  Nos.  6  and  7)  for  computing 
the  shrinkages  and  tangential  resistance  of  a  gun.  The  omission  of  the 
factor  embodying  the  longitudinal  stress  has  but  little  effect  upon  the 
diametrical  changes  of  dimensions.* 

SHRINKAGES  FOR  THE  CONSTRUCTION  OP  THE  GUN. 

Upon  this  subject,  in  conclusion,  the  results  of  these  experiments  may 
be  considered  to  have  supplied  the  necessary  data.  It  has  been  shown, 
first,  that  the  preliminary  free  tests  of  the  metals  determine  suitable 
vataes  for  the  physical  constants  to  be  used  in  the  computations;  and, 
second,  conjointly  with  the  above,  that  the  formulas  applied  can  be  re- 
lied upon  to  indicate  with  accuracy  the  results  which  will  be  obtained 
in  practice.  These  facts,  in  connection  with  the  results  obtained 
from  tests  of  detached  specimens  of  the  metal  subsequent  to  the  hoop- 
ing tests,  which  are,  in  brief,  that  the  operations  of  the  shrinkage  tend 
to  increase  the  effective  resistance  of  the  tube,  and,  probably,  also  that 
of  the  jacket,  but  to  decrease  that  of  the  two  hoops,  place  the  question 
of  the  shrinkages  in  a  clear  way  to  be  decided  upon  theoretical  consid- 
erations, based  upon  the  results  of  the  preliminary  free  tests  of  the 
metals  used  in  the  construction  of  the  gun.  The  limitations  will  be,  to 
reduce  the  maximum  tangential  tension,  or  the  values  of  /9,  for  the  hoops 
about  10  i>er  cent.,  and,  in  addition,  to  make  the  shrinkages,  especially 
for  the  outside  row  of  ho.ips,  as  light  as  may  be  found  consistent  with  a 
retention  of  the  maximum  resistance  demanded  for  the  service  of  the 
gun.  It  is  recommended  to  favor  the  outer  shrinkage  where  practicable, 
because  the  outside  cylinder  forms  the  exterior  support  of  the  structure, 
and,  other  things  being%?qual,  the  shrinkag**  operations  should  produce 
less  degradation  of  the  physical  properties  of  the  metal  of  this  cylinder  in 
proportion  as  reductions  are  made  in  the  degree  of  heat  required  for  its 
assemblage  and  the  amount  of  constraint  brought  to  bear  upon  it  whilst 
it  is  cooling. 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance. 

*  Virgile  iieglectn  this  factor  in  coinpiitiu^  the  tangentinl  resistance,  and  has  also 
aj^reed  to  neglect  it  in  computing  the  shrinkages.  (Page  24,  Notes  on  the  Construc- 
tion of  Ordnance,  No.  10.)  The  form  under  which  Clavarino  introduces  it  seems  dif- 
colt  to  defend,  except,  apparently,  as  an  expedient  to  embody  approximately  the  value 
of  the  longitudinal  stress  which  is  especially  developed  in  the  act  of  firing  the  gun. 
Other  fieiihog  cases  besides  those  in  regard  to  changes  of  length,  as  given  above,  will 
be  foaod  in  applying  Clavarino's  formulas  to  special  cases,  becanseoi  his  introdactioa 
of  this  factor  embodying  the  longitudinal  stress. 

4626  OED 17 
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Appendix  A. 

• 

OEXEItA  L  IXSTIirCTIOXS  FOR  ASSEMBLIMi  A  M)  DIS^IAXTLIXO  AX  EXPERIHEyTAL 
CO^trOVXD  crux DER-*I SCU  It.  L.  STEEL  RIFLE  {DOVBLE  HOOVEDA 

A  com  pound  cyliiidi»r,  ropres^Mitiiijc  a  rcunpU'to  section  of  the  j;un  over  the  {wwiler 
chamber,  not  Ichs  than  7.5  inclicM  in  Icn^^th,  will  be  assiemblod  and  Hubseqitcntly  dis- 
mantled. 

The  pnrpoHe  of  the  expt^rinients  is  to  test  the  (pialities  of  the  metal  of  the  aevenl 
cylinders  composin;^  the  bnilr-np  section  of  the  ^nn  and  to  detennii.c  whether  the 
prescribed  nhnnkagti*  herewith,  whicli  have  been  theoretically  deducted  by  the  appli> 
cation  of  Clavarino's  forninhe*.  shall  be  applied  in  tiie  after  eonstniction  of  the  gun. 
or  to  what  extent  they  shonld  be  nuxlitietl  for  that  ctui^trnction. 

Observations  will  1m*  ina«ie  to  inclnde — 

(I)  All chaHtffH of  nulitil  (fimeiiKtoim  iinterior  and  txterior),  aHcomjHtred  with  fhr  original, 
for  t-ach  of  the  nimplf  vtfhndvrH  employ fd. 

{"•i)  All  chantffH  of  longitudinal  dimtntiionM  for  the  ttame  viflindertt. 

The  resnlts  of  the  ineasnremtMits  niad«*  for  determining;  theseclianf^'8  of  dimensiADf 
will  be  recoided  in  relative  and  in  absolnte  values;  that  is,  in  terms  of  the  chAOjtM 
per  linear  inch  and  in  terms  of  the  a'iNolnt<'  chanp-s  from  total  (original  dimeuMont. 

The  cylinders  will  be  heated  to  prodnce  the  expansion  necessary  for  their  asfleiH' 
b]a<;e,  and.  if  firacticable,  the  maxinnini  tt*niperatnre  which  each  attains  will  be  aacer- 
tained  by  a  pyrometer.  The  nifasnrements  for  exact  dimensions  of  the  cylioders  in 
their  heated  state  w  ill  be  madt*  with  all  po^sib  <>  ace n racy  to  include  two  interim 
diameters  at  rit^ht  an^^les  to  each  other  and  at  l(>asr  one  measnrenient  of  the  length. 

The  jn/crior  diaiiieteis  of  all  the  cxIinderM  and  the  exterior  diameter  of  the  on  fir  cyl- 
inder will  be  finished  at  the  outset  and  the  ends  faced  to  form  planes  per|»eDdiciiur 
to  the  axis  of  the  b^n-. 

The  exteri  >r  diameter  of  the  inner  cylindtT  will  next  be  turned  to  tiiiished  nice  for 
the  assemblages-  The  exterior  ilianirters  of  the  »i»cond  or  jacket  cylinder  and  of  th* 
iinxT  hoop  will  Im-  left  0.()>  of  an  inch  snr|>lus  over  the  diameter  corresponding  to  the 
shrinkajxe  prescribed,  and  after  bein^  assembled  the  change  of  thii}  <iiauieter  will  be 
measured  ln-fove  tl:i'  exterior  is  turned  f«»r  the  shrinkage  lit. 

designate  the  four  cylind<'rs,  counting  from  the  inteiitr,  as  the  tube,  jacket,  A  hoopr 
and  It  hoo]»,  respectively. 

The  values  of  the  shrinkages  ti»  be  ajiplied  are  as  follows: 

Tabi.k  I. 


Jacket.  A  hmip.  II  hoop. 


i.. 


-z  u  -r  -  "C 

s  ^  s  k  a  ^ 

II  f  11  I  II 


I 


TlHontual  niuftn  viil:io^> 0. 4:»tM     0.  WM;5  1. 378     0.  (KJ03         1.  S734     1.  OMl  ' 

I*r.^rrih..a  lI•nit^<  "'=**"""'"  *'• ''^'^^  *'■  ^'"*'  1.  4L>"J  '  0. 0313  1.4U         aOTIj 

■^  iniiiiitmiin...      0. 3h0         0. 0u55  1.33J     0.0293         1.335       0.0151  ' 


The  Inniting  values  here  given  are  based  u)>on  an  allow«'d  variation  of  0.002  of  U 
inoh  in  the  absolute  value>  of  the  shiinkages:  that  is.  in  the  dijTer^acf  liet ween  the 
several  interior  diameters  liist  linished  and  measured  aiid  the  corn'siMinding  exteri<* 
diameters  up«»n  which  they  are  to  be  assembled. 


mMF.NSH>NS   <»r    THK   CYMXI>ERa. 


In  preparing  the  several  cylinders  for  assemblage  the  finished  dimensions  will  be 
as  follow?*: 


*  See  '*  Notes  on  the  Construction  of  Ordnance,*'  Noh.  6  and  7;  also.  No.  31. 
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Table  11. 

Tube.       Jacket. 

I 
Inehe*.   !   Inchet. 
9.5  :      14.0 
22.11* 

A  hoop. 

Inchet. 
22.0 
28.42* 
7.5 

Measvremeiits. 

B  hoop. 

Interior  diameter.   ... 
£xterior  diameter 

Inehet. 
26.3 
31.5 

Leogth 

7.8          7.55 

1 

7.6 

*  Aboat  CM  of  an  inch  surplns  bein;;  left  over  mean  diameter  prescribed  for  the  shrinkage  in  ordei^ 
to  determine  extension  of  eiterior,  and  also  to  leave  sufficient  metal  for  the  finish. 

The  allowed  variation  on  these  diameterH  will  be  -^  0.002  of  an  inch,  and  on  ihe^ 
lengths  -t  0.01  of  an  inch. 

Before  the  succeHsive  assemblage  of  the  parts  the  exterior  diameters  of  the  three- 
iDDer  cylinders  must  he  turned  to  the  following  dimensions,  with  the  allowed  varia- 
tion of  4-  0.000  inch  and  —  0.002  inch,  viz: 

Exterior  of  tube,  0".0075  -f  14'  .0  corrected  for  error  made  in  boring  jacket. 

Exterior  of  jacket  (assembled),  0".0313  -|-  22". 0  corrected  for  error  made  in  boring: 
A  hoop. 

Exterior  of  A  hoop  (assembled),  0".(»371  -(-  26".3eorrecled  for  error  made  in  boring: 
B  hoop. 

The  following  variations  in  measurements  will  be  allowed  in  respect  to  parallelisni< 
of  the  ends  and  eccentricity  and  conicalnessof  the  curved  surfaces  of  the  cylinders  :t 

Inchesr^ 

For  parallelism 0. 0035 

For  eccentricity 0.003 

For  cimicaloess 0. 002 

!n  dismantling  the  section  the  B  hoop  will  first  be  cut  longitudinally  from  the  ex> 
terior  until  separation  takes  place.  The  area  of  fractured  metal,  and  also  the  amount, 
by  which  the  two  edges  of  th**  cut  separate,  will  be  noted.  The  A  hoop  will  be  re- 
moved in  a  similar  manner.  Before  separating  the  jacket  and  tube  the  two  cylin- 
ders  together  will   be  cut  into  two  equal  lengths,  from  one  of  which  tKe  jacket 

Ciece  will  be  cut  off,  as  in  the  case  of  the  hoops,  and  from  the  other  the  tube-piece  will 
e  cut  ont,  and  the  sanu)  observations  in  respect  to  fractured  surface  and  cut  will  be 
made.  The  complete  half  cylinders  of  jacket  and  tube  will  be  measured  to  deter- 
mine tlie  residual  or  permanent  set  of  these  parts. 

MODE  OF   KXECUTING   HOOPING. 

The  tube  prepared  for  hooping  is  to  be  supported  vertically,  the  bore  closed  at 
bottom  and  made  water-tight,  except  for  a  small  orifice  at  the  center  of  the  base  for 
the  exit  of  the  cold  water  with  which  the  bore  is  to  be  kept  filled  during  theoperation. 
The  cylinders  should  preferably  be  heated  for  the  application  in  a  hot-air  cnamber.l 
Care  should  be  taken  to  have  them  uniformly  heated  and  to  avoid  raising  their  tem- 
perature too  high.  A  temperature  of  from  5(k)°  to  600°  F.  will  suflice,  and  the  expan- 
Kionof  thecylindershould  be  kept  within  from-i^'fotoiJ^o  of  the  interior  diameter.  $ 

tSee  Notes  on  the  Construction  of  Ordnance,  No.  5  and  of  No.  25,  pp.  17  and  19. 

t  Where  gas  is  available  a  modification  of  a  tire-heating  machine  using  this  frule 
lia^  been  found  to  afford  superior  advantages  for  the  work,  as  proved  in  the  recent 
const  ruction  of  a  12-inch  nmzzle-loading  rifled  mortar  at  the  South  Boston  Iron  Works. 

$  This  will  fix  the  dimensions  of  the  gauge-rods  for  testing  the  expansion  of  the 
«ieveral  cvlinders  under  heat  as  follows: 


t  minimum    14''.035  ) 

Jacket  }  \     14".04 

(  maximum  14''.049  S 


minimum    22''. 055 


A  hoop 


B  hoop 


maxim  un 


22". 055  ) 

>     22".( 
!  22".077  > 

(  minimum    26".3H6  ) 

(  maximum  26".392  ) 


>  Approximate  means. 
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Tho  cylinder  Hhon Id  be  removed  fmiii  the  heat  ass<»ou  as  the  iiieau  expansion  here  in> 
<licat«d  is  reached.  The  cylinder  must  In*  hrii*ihed  ch*an  when  taken  frt^in  the  heat, 
and  then  placed  centrally  npon  the  tnl>e.  The  trariNtVr  should  be  eflVcted  witboot 
unnecertsary  delay,  an  the  cylinder  will  cool  and  contract  rapidly.  As  aooD  U8  the 
cylinder  has  coolc.l  down  ho  as  to  clainp  ilie  (ine  within  it,  water  shonld  be  sprinkled 
upon  it — spari.ijjfly  at  tii*st,  but  by  degrees  nion^  plentifully— care  bein)^  taken  to  cool 
it  unit'onnly. 

Except  for  the  nieasnrenients  before  indicated  to  be  taken  at  the  period  of  niaxiniiim 
beat,  ail  measurements  will  be  delayed  at  leas^  twenty-four  hours  alter  the  applica- 
ti«)n  of  a  cylinder.  The  following  measurements  ar«'  prescribiMl  f<»r  the  metal  iua 
cold  state : 

(I)  Or'ginal  interior  and  exterior  diam(>ters  and  lengths  of  th«)  cylinders,  as  given 
ill  rabU>  II. 

(•2)  Exterior  id* tube  prepared  forsbrinkage. 

1 3)  Exterior  of  jacket  after  application. 

(  ()  Interior  and  exterior  dianii'ters  and  lengths  of  tube  and  jacket  when  prepared 
f«»r  shrinkage  of  a  t)0(»p. 

'>)  Exterior  of  a  hoop  after  application. 

v())  Interi«)r  and  exterior  diameters  an<l  lengths  of  tube,  jacket,  ami  a  linop  wheu 
jirrpared  f<»r  bbrinkage  ot  H  hoop. 

(7^  Int4'rior  and  exti'rior  diameters  and  lengths  of  all  the  cylinders  after  applica* 
tiiMi  of  r>  hoop. 

^T^)  Interior  and  exterior  diameters  and  lengths  of  tube,  jacket,  and  A  hoop  after 
removal  of  U  liooj*. 

iD)  Interior  and  exterior  diameters  ami  lengths  of  tube  and  jacket  after  removal  of 
A  hoop. 

ylO)  Interior  ami  exterior  «»f  jacket  (in  the  half  section)  after  removal  of  tuW, 

vll)  Interior  and  exterior  of  tube  ^^in  the  half  section)  after  removal  of  Jacket. 

MODK   OF    K.XKCrTINc;    MKASl'REMKNTS. 

(1)  Prtparaforfi  to  the  at^st nthlagt. —Knvh  face  of  cylinders  will  Ik*  sconnl  with  four 
diameters,  dividing  the  circumference  into  octants,  ami  oin'  extremity  of  each  diame- 
ter will  be  numbered.  ('<»incident  with  thes«»  s<'ores  four  diameters,  bt»th  interior  and 
exterior,  will  he  measured  at  points  corresponding  to  O.I  of  an  inch  within  the  poiii- 
tion  of  the  fare  of  the  hoops  in  ]>lace  and  at  such  additional  points  as  may  be  neoea- 
sary  for  ascertaining  the  mean  diameter  and  verifying  the  worknnmship.  Al!  meaa- 
nrements  will  be  nmde  in  tho  planes  d<;termined  by  the  scores.  Two  measurementa 
fi»r  length  will  be  made  near  the  extremities  of  each  sct)red  diameter  at  0.*25  of  an  inch 
from  the  interior  and  exterior  surfaces  of  the  cylinder. 

1  '2)  J//fr  i'ttfimifrn  an-  in  plure. — The  diameter  of  bore  of  tube  and  exterior  diameter 
of  Jacket  or  hoop  (as  tlif  ca<e  m:iy  be),  and  also  the  lengths,  will  be  measure«i  as  be- 
fire,  the  f»ur  diameters  scored  on  faces  of  cylinders  being  radially  coincident.     (Care 
must  be  taken  to  arrange  them  so  when  the  assemblage  is  made.)    F<»r  measuring  tb« 
interior  diameters  of  jacket  and  of  h(K)))s,  short  shallow  gntoves  an.^  made  in  each  face 
of  tube  and  snb.se:|U»>ntly  in  jacket  and  A  hoop  of  just  sutlicient  size  to  expose  the  ex- 
tremitiesof  the  diameters  before  measnri><I  at  O.I  ofaninch  within  the  facesof  theboopt 
in  place  and  to  allow  room  ft>r  manipulating  the  points  of  the  vernier  caliiiem.    Fur 
this  purpose  the  dimensitms  of  the  groove  should  be  about  0.7o  of  an  inch  wide,  aoH 
in  de]>th  extend  (M  of  an   inch  at   least  within  the  extremities  of  the  diameter  to 
b  •  measured.     These  grooves  are  made  by  drilling  holes  n«*ar  tin*  exterior  surface  of 
tiie  cylinder  and  tiuishing  the  cavities  with  a  hand-chisol.     The  tilui  of  metal  hetweco 
diill-hol(>s  and  inner  surface  of  the  adjacent  cylinder  is  left  to  be  taken  out  last,   i 
skillful  w«>rkman  must  be  employed,  and  givat  care  exercise<l  not  to  inpire  thcitt* 
terior  surface  of  the  adjac^Mit  cylinder.     It  was  found  best  in  the  course  of  the  expW' 
m  "Uts  to  make  the  grooves  before  asse-nbling  the  outer  cylinder. 

{^)  After  ciflimU'rH  an  n'momi. — The  sanu'  measurements  will  be  re|H^atcd  as  bffiw 
upon  the  cylinders  or  parts  not  destroyeil.  except  that  tht»  measurementa  of  exteiior 
diameters  ni>ar  the  ends  will  be  nnide  at  points  just  \»eyond  the  grooves;  and  forei- 
actnea**,  measurtMuents  should  be  made  at  these  points  in  the  original  finished  rta'e 
of  the  cvlinders. 
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Appendix  B. 


RECORD  OP  MEASUREMENTS  OF  TUBE  CYLINDER. 


I. — Bore  of  tube. 


DUtasce  from  top. 


(1)  Oriyiniil  ^ierior. 


0.3  inch   

2.12  inchefl 

3.95iDchea 

5.77  inches 

7.6  inches  


Mean 


Inches. 
9.499 
.499 
.499 
.499 
.4995 


9.  4991 


Diameters. 


No.  1.     i    No.  2.        No.  3.     I    No.  4. 


9.499 
.499 
.499 
.499 
.4995 


9.4995 
.4995  • 

.499  ; 

.499 
.4997 


9.4991 


9. 4993 


9.499 
.4985 
.499 
.499 
.4995 

9.499 


Inches.    I    Inches.   <    Inches.       Inches. 


9.4991 
.4t9 
.499 
.499 
.4996 


9.4991 


Mean 


(*2)  ///e*'  assemblayt  of  jacket. 


0.3  inch  

9. 4965 

9.4965 

2.12  inches. .. 

495 

.  49/>r» 

3.95inihe8 

495 

.495 

5.77  inches 

4945  ; 

.495 

7.6  inches 

....    .4955  1 

.4955 

9.4953 


9.  4955 


9.4965 
.4955 
.495 
.495 
.496 

9.4956 


(3)  Ajter  assemblage  of  A  hoop. 


9.4965 
.4955 
.495 
.495 
.4955 


9.4955 


9.4965 
.4954 
.495 
.4949 
.4956 


9.4955 


0.3  inch 

2.12  inches 
3.95  inches. 
5.77  iuihes 
7.6  inches.. 


Mean 


9.491 
.4905 
.49 
.4902 
.4912 

9  4916 
.4905 
.49 
.4903 
.4912 

9.  4915 
.4905 
.4902 
.4902 
.4912 

9. 4916 
.4904 
.4898 
.4902 
.4914 

9. 4914 
.4905 
.49 
.4902 
.4912 

9.4906 

9.4907 

9.4907 

9.4907 

9.4907 

(4)  After  at^semblnge  of  Ji  hoop. 


0.3  inch 

2.12  inches 
3.95  inches. 
5.77  inches 
7.6  inches 


Mean 


1 

9.4866  [ 
.4865  1 
.486  i 
.4HC 
.4805 

9.487 
.4865 
.486 
.4863 

.4868 

9.487 
.486 
.485 
.  4852 
.4868 

9.487 
.486 
.48.55 
.4855 
.4865 

9.4869 
.4862 
.4856 
.4857 
.4866 

9.4863 

9.4865  1 

9.486 

9.4861 

9.4862 

(5)  After  removal  of  H  hoop. 


0,3  inch 

2.12  inches, 
3.95  inches. 
5.77  inches. 
7.6  inches. . 

Mean  , 


9.4917  i 

9.  4913 

9.4915  . 

1 
9.4913  ^ 

9.  4914 

.4908  ' 

.4904 

.4907  ; 

.4903 

.4905 

.49 

.4897 

.49 

.4895  i 

.4898 

.49 

.4897 

.49 

.4898 

.4899 

.4912 

.4907 

.4912 

.491 

.491 

9.  4907 

9.4904 

9.4907 

9.4904 

9.4905 
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(6)  After  removal  of  A  hoop. 


Diamt  ten. 

Distanco  f^om  top. — 

No.  1.        Xu.  2.         No.  3.     .  No.  4.  Mfn, 

InehetL^     InekBt,       Ineke*.   ;  Indker.  Inches. 

O.Sinch 9.49lr       9.4M5        9.4963*  ^4965  9.49M 

2.12iDche8 495            .4955.        .4953  .4953  .4053 

3.95  inches 4943          .495    i        .495    i  .495  .4948 

5.77inche8 4943          .495    '        .495  .495  .4948 

T.einchea 496    >        .496    ;        .496    '  .496  .496 

Mean 9.4952        9.4956  1      9.4955  9.4956  9.4955 

._.._       ...!_...       I  ._      ., 

(7)  After  removal  of  jacket  {from  half  section). 

0.3  inch 9.5              9.4998         9.4996  9.4995  9.4906 

2.12inches 498            .4978          .498  .4978  .4979 

3.5inchea 496            .496            .496  .496  .496 

Mean 9.498          9.4979        9.4979  9.4978  9.4979 


II.— Exterior  df  tube. 


(1)  Original  ejrttrivr. 


Dintauce  from  top. 


0.3  inch . . . . 
2.12  inches. 
3.95  inchi'd. 
5.77  inchi'B. 
7.6  inched.. 


Diameters. 

No.  1. 

No.  2. 

No.  3. 

1 

No.  4. 

Mean. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

14.  M7 

14. 0057 

14.0062 

14.006 

14. 01162 

.0t»77 

.0<»6 

.0062 

.906 

.0065 

.  0075 

.007 

.007 

.006 

.0009 

.Oi>77 

.007 

.0075 

.0075 

.0074 

.0075 

.007 

.0075 

.007    ' 

.0072 

Mean 14.m)75       14.0065       14.0069 


14.  0065       14.  0069 


(*2)  Afttr  remoral  of  jacket  {from  half  section). 


0.3  inch   

2.12  inches*   

..    ..        14.0067 
0062 

14.0067 
.0062 
.  00,V2 

14.0068 
.006 
.0055 

14. 00C5 
.006 
.0052 

14.(KM7 
.0061 

3.5  inchen 

OO.VJ 

.0053 

Mean 14.006 


14.006 


14. 0061        14. 0050       14. 006 


Iir.— Lkxgtii  of  TCBK. 
( I )  th'igiual  length. 


r  tt 


Diameters. 


X  s 


No.  1.      No.  2.      No.  3.      No.  4.      No.  5.      NaflL      KaT.      Na&     !!»• 


l>ntt  r 

ImuT 

Meau 


Inch. 
0.  2.'» 
0.  •_*.=) 


Incheit.    Inche*    hwh*'*     Inches.    Inches.   Inches.    Inches.  Inekss.  '^jjj 

7.902.')     7.  JMH:.       7.901     7.9005     7. 9i>r.     7.9*25     7.C035     7.9«      7.IJJJ 

.903.1       .9t»4     •      .\MY1       .902         .90."       0.035         .9<»4         .«tt5        •■» 


7.  lH>:i       7  iK»>     7  901.>   7.9012 


IMir 


903 


7.9037     7.90211    7.MS9 
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{2)  After  assemblage  of  jacket. 


\ 

Diameters. 

Is 

5| 

No.  1. 

No.  2.      No.  3. 

1              1 
No.  4.  !  No.  5.     No.  6. 

No.  7. 

1 

;  No.  8. 

1 

t 
Mean. 

►uter 

iiD6r ' 

Inch. 
0.  25 
0.25 

Inctifs. 
7.904 
.9<H5 

Inche*.    Inches. 
7.9035  1  7.903 
.904         .004 

Inches.   Inches.   Inches. '  Inches. 

7.9025  1  7.902       7.903       7.904 

.904     ,     .9025       .904         .905 

1 

Inches. 
\  7.  9025 
1    .9045 

Inches. 

7.9031 

.9041 

1 

MeaD 

1 

7.  9042     7.  9037     7.  9033 

7.  9033  :  7.  9023     7.  9035  !  7.  9045 

1 

7.  9035     7.  9036. 

i 

(:?)  A/ttr  assemblage  of  A  hoop. 


uter 

0.  25 

7.905 
.9065 

7.90* 
.90ti5 

7.  9035 
.906 

7.  9035  1  7.  905 
.90^    1     .907 

7.9065 
.907 

7.905    1  7.905 
.9065  1     .9075 

7.9047 
.9066 

oner 

0.  JS 

Mean 

•. . . 

7.9057 

7.  9053 

7.  9048 

7.9048     7.906 

7.9067 

7.9057  1  7.90C2 

1  7.9057 

(4)  .^ftrr  assemblage  of  B  hoop. 


uter 

joer 

0.  25     7.  907 
0.  25        .  9U8 

7.906 
.9075 

7.  9035 
.9055 

7.9045 
.  90.55 

7.904 
.907 

7.9055 
.907 

7.  9065     7.  907 
9.  085         .  9085 

7.  9055 
.9072  1 

Mean. . . 

7. 9075 

7.9067 

7.  9045 

7.905 

7.  9055 

7.9062 

7.9075  1  7.9077 

7.9063  1 

(5)  .'Ifter  removal  of  B  hoop. 


Miter 

nner 

0.  25 
0  25 

7.  903 

.  ;h)5 

7.  904 

7.  902 
.904 

7.901 
.  9035 

7.  9ti2 
.  «)o:{ 

7  902 
.  9035 

7.  903 
.904 

7.904 
1     . 9()5 

7.9035 
.905 

7.  9026 
.9041 

Mean 



7.903 

7.  9023 

7.  9025 

7.  9028 

7.9035 

7  9045 

7.9042 

7.9033  ! 

1 

{{'))  After  lemoval  of  A  ho  p. 


nter. 
mer. 


0  25     7.9035     7.903       7  002        7. 9ul5      7.9025     7.903       7.904       7.904     j  7.9029 
0. 25       .  9047       .  904         .  903         . 9(»3         .  9035       .  9045  i     .  905         .  9055       .  9041 


Mean 7.9041     7.9035     7.9025     7. 002  J     7.903       7.9038     7.9045     7.9047     7.9035 


RECORD  OF  MEASUIi'IJillCXTS  OF  JACKET  CYLINDER. 


IV.— Inikhiok  of  jacket. 


Distance   from  t(»p. 


(1)  (frifjhial  interior. 


No.  1, 


Diameters. 


No.  2. 


No.  3. 


I 


No.  4. 


Mean. 


I  0.  125  iiK-li  .. 
I  1.  95  iuclit-H  . 
I  X  HO  indies  . 
5.  fH^  in«'he.H  . 
!   7  435  inches 


Inches. 

14.(01 
.  000 
.  000 
.  000 
.  00O5 


Incheff. 
14.0005 

.000 
13.9995 

.  0995 
14.0005 


Mean 14.0003       14.000 


Inches.    I    Inches        Inches. 
14.001  14.0005      14.0007 


.000 
.000 
.000 
.0005 


.000 
.000 
.000 
.00o5 


.000 
.000 
.000 
.0005 


14.0003       14.0002       14.0002 
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(2)  After  assemblage  on  lube  {at  tnis). 


Diameters. 


DistAiiov  from  top. 


Xo.  1.    :    No.  2.        No.  3.        No.  4.        Mean. 


InchtM.   \   Inches.      Inehss.   i    Inehss,      Inchss. 
0.125inch 14.005    '     14.0045         14.005.     14.005    .    14.0049 


7. 4:i5  iDches 


.005 


.0045 


.005 


.0045  ;        .0047 


Mean 14.005         14.0045'      14.005       14.0047*    14.0046 


(:i)  Afttr  assemblage  of  A  hoop  {a1  ends). 


0.25  inch 14.000 

7. 435  inches 13.9995 


13.  9992       13.  9995       13.  9992 
.  9995  .  9992  .  9992 


13.9995 
.9993 


Mean 1.3.0097       13.9994       1.^9994       13.9992       13.0094 

(4)  Aftfr  assemblage  of  li  hoop  {at  ends). 


0.125  inch 13.996 

7. 435  incbeti    99tt5 


13.996 
.996.') 


13.996 
.1)96 


13.996 


13.996 
.9962 


Mean 13. 95162       i:i,9962       13.996 


13.  9950        13. 9961 


(5)  After  removal  of  II  hoop  {at  ends). 


0. 12:>inc)i  14.000         14.0o»         13.995         13.999.')       13.9997 

7.4;i5hieheH OOf  .000  .9995  .9995  .9997 


Mean U.OOU         14.000         13.9995       13.9995       13.9997 

I 

(t))  Afer  removal  of  A  hoop  {at  enr's). 


0.12.)  inch 
7.  435  incheH 


14.0042         14.U04       14.004    .  14.0045       14.0042 
.005  .  00.)  •        .  004t}         .005  .005 


Mean 14.0046       14.0045       14.0044     14.0047         14.0046 


(7)  Afttr  removal  of  tube  {from  half  S(ction). 


4.5ini'hcs 13.9975 

5  6inrho« 999 

7.3in<he« 14.0015 


13.9973 

.999 

14.0015 

13.9983 

.9995 

14.  0015 

13.998 

.9995 
14. 0015 

13.9978 

.9992 

14.0015 

Menn 13.9993'     13.9993       13. 9998  j     13.9996       13.9996 

J _  _ 

v.— Exterior  of  jackrt. 
(1)  Onginal  exterior. 


Dianietcri*. 


I)i^tanoe  fiom  top. 


0. 125  ineh  . . 
l.O.'iiueheH.- 
3.  W)  iiH'lies . . 
5.  OOinclies.. 
7. 435  inches. 

Mean  . . 


7nr/iM. 

22.  lo.l 
.  105 
.104 
.106 
.100 


Inehe*. 

22. 105 
.  H  5 
.  105 
.1045 
.105 


I 


22.  I0.'i2  j     22. 1049 


No.  3. 

■ 

No.  4. 

Mean. 

Inehe*. 

Inehea. 

Inehss. 

22.  HI55 

22. 106 

22.1054 

.105 

.106 

.1053 

.  icw 

.1065 

.llkSa 

.1055 

1(45 

.lose 

.1055 

.1065 

.1058 

22.1054 

22.1063 

22.10S5 

-^    ■.'. 
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(2)  After  asseniblagt  on  tube. 


Diameters. 


Distance  from  top. 


No.  1. 


No.  2.    I    No.  3. 


0. 
I  1. 
.  3. 
!  5. 

7. 


125iiich 22.108 

95  inches '        .107 

SOinches .1085 

60  inches .109 

435inche8 109 


22. 108 
.108 
.1085 
.1085 
.1085 


Mean 22.1083  1    22.1083       22.108 


No.  4. 


22. 107  22. 1075 

.  1075  .  H)75 

. 1085  . 1085 

.  1085  ,  .  1085 

.  1085  .  109 


Mean. 


22.1076 
.1075 
.1085 
.1086 
.1088 


22.1082  i    22.1082 


(3)  Prepared  for  shrinkage  of  A  hoop. 


0.125inch 22.0305 

I  1.95  inches 03 

3.80inrhe8 03 

I  5.  60  inches 03 

7.435inche8 03 


Mean 22.0301 


• 

22.  03 

22.0295 

22.03 

22.03 

.029 

.0285 

.029 

.0291  i 

.029 

.029 

.020 

.0292 

.03 

.  0295 

.0295 

.0297 

.029 

.0295 

.0295 

.0295 

22.0294  i 

22.0292 

22.0294 

22.0295 

' 

(4)  After  removal  of  A  hoop. 


0. 125  inch   

t 
22, 0307 

22.  0305 
.0295 
,0295 
.03 
.0295 

1 
22.  0305  ! 
.0295  ' 
.0295 
.03 
.0295 

1 

22.  03 
.0297 
.  0295 
.03      1 
.0297  ! 

22.0304 

1.95incheH 

3.  80  inches....   

5.  6U  inches 

7. 435  inches  

....         .0305  ' 
...   '        .0305  1 

0507  1 

.0305  1 

.  0295 
.0297 
.0301 
.0298 

Mean 

....      22.0306  1 

22. 0298 

22.0298  ; 

1 

22.  0298 

22.  0300  ' 

1 

(5)  After  removal  of  tube  {from  half  section). 


4.  5  inches 

5.  6  inches 

7. 435  inches 

22.  0267 
.027 
.0278  ; 

22.  0267 
.026 
.0272 

22.  0265  , 
.0265  , 
.028     1 

22.  0265 
.027 
.028 

22.0266 
.0266 

.0277 

1 

Mean   i 

22.  0272 

22.0266 

i 

22.027 

22.  0272 

22.  0269 

VI. — Length  of  jacket. 
(1)  Original  length. 


ter 


Mean 


S  £ 
«  a; 


Diameters. 


S  2        No.  1.      No.  2.     No.  3.      No.  4.     No.  5.     No.  6.     No.  7. 
Inch.     Inchea.    Inches.   Inche*.    IneheM.  ■.  Inchet. .  Inches.   Inches. 


0.  25       7.  551        7.  551        7.  554       7.  .S53  ^  7.  .')515 
0.25  55:>         .554  .5565       .555       .554 


7.  553       7.  5525     7.  5553!     7. 554     7.  5527 


7.551       7.551 
.  555  '       .  555 


No.  8. 


Mean. 


Inches.   Inchet. 

7.  5515     7. 5517 

.554    I    .5548 


7.  553  !     7.  553 


7.  5527  1  7. 5533 


(2)  After  aasemblage  on  tube. 


er 

0.25 
0.25 

'                               1 

7.  551      7.  5507     7.  553-^ 
.554  ,     .5545       ..5.555 

1 

7.  553 
.5555 

7.  553 

7.  5515 

7.  5506 

.  &04 

7.55 
.5535 

7.  5516 
.5546 

er 

.  5555     .  554 

Mean 

' 

7.  5525;  7.  5526     7.  5545 

7.5542 

7.  5542 

7.5527 

7.5522 

7.5517 

7.5531 
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(3)  After  assemblage  of  A  hoop. 

I 

I  • 

S  bt  Diameters. 

•     U^  -. 

5©       No.  1.      No.  2.      No.  3.   '  No.4.      No.  5.      No.«.      No.  7.      No.8.     Meu. 

Outer 0.25  .    7.553  \  7.553    ■  7.5535  '  7.554    .  7.553       7.5535     7.5526       7.552     7.5581 

Inner 0.25        .556       .556        .557    ,    .5565       .5:6        .5565.    .5565        .556       .556) 

Mean !  i'.5M5  ■  7.5545     7.5552  .  7.5553     7.5545     7.555       7.6545     7.5543  .  7.5547 

I  I 

(4)  After  aaeemblage  of  B  hoop, 

!  Outer i      0.25     7.554       7.5535     7.554    !  7. 5545  .  7. 555        7.654     7.553       7.5535  ;  7.5919 

Inner |      0.2.^,    .5565       .  557         .  557    ;    .  558        .  638  .558  I    .556    .    .5965;    .5571 

Mean i •  7. 5552  '  7.  5553  j  7. 5555  !  7. 5562  |  7, 5565  |    7.556     7.5545  '  7.655     |  7.6555 

_  •.     .._  I '._.'_        L_.  .    _  _    ' 

(5)*  Aftir  rcMoral  of  B  hoop. 

Outer 0.25     T.  r»5l       7.5505     7.5525     7. 5.V25     7.553       7.552       7. 5F1       7.551        7.5518 

Inner U.25       .5r>4         .  55t         .5515       .5555         553         .565         .555         .554         .6548 

Me;in 7.5:.25     7.551:2     7. .'•535     7.554       7.5545     7.r6l5     7.5535     7.6525     7.6583 

(0)  After  remural  of  A  hoop, 

■  O.I f  er 0. 25     7.  5;)05     7. 551         7.  .V^J  '■  7.  5.V.»5  '  7. 5525     7.  552    i  7. 6.'>1       7. 551        7. 6517 

Inner d.  25       .  r>o;j         .  :<A    I      .  55.'.  •    ..  5,V>    |    .  5r>45  .    .  5545  #.  551    '    .  .'>5.^5       .  6612 

Moan 7.  5517     7.  5,V2r>       7.  :c>4  |  7. 5.'^7  \  7. 5535  '  7. 5533     7. 5525     7.  5533     7. 65SI 


REVOUD  OF  2tEASURKMEyTS  OF  A  HOOP. 

VII. — Imkhior  of  a  hoop. 

(I)  Original  inttTior. 

Diameters. 

Di'ttanoe  from  top.  -     -      ———---    

No.  1.         No.  2.        No.  3.         No.  4.  Mean. 

I 

Inehet,       Inchet.      Inches.       Inches.  Ineh€$.   \ 

Clinch 21.91V         2l.«t75       21.9975       21. W8  21.9977 

l.liLMncluH W7            .!«9«5          .997            .997*  .9909. 

3. 7.'>  inchcH m'SS           .VW            .9985           .9985  .0981 

.V  57  iiichfs    1M»7             .9968           .997             .997  .9969 

7. 4oiiiohe.s 99H            .997            .  1KJ75          .9975  .9975- 

Mean 21.9977       21.9972       21.9975       21.9976  21.9076 

('2)  Afitr  asueinhlagt  on  javuet  attd  tube  {at  ends), 

0.  1  iiK'li rj.  I'Jti         22  U257       22.02.'»8       22.0257  22.(058 

7. 40  iiirlus 0J5             » l«25             .025             .025  .026 

Mean 22  0255       22.  U2M       22.0254       22.02.'>4  22.0264. 
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(3)  After  assemblage  of  B  hoop  {at  ends). 


DiAtance  from  top. 


0. 1  inch 

7. 40  inches 

Meau  . 


Diameters. 


No.  1. 


No.  2. 


No.  3. 


No.  4. 


Inches. 
22.0215 
.022 


MeaD. 


Inches,       Inches.       Inches.    •   Inches. 
22.0217  ,     22.0217  ,     22.0215  ,    22.0216  ', 
.0215  I         .0215  !         .0215  ,         .0216  ; 


22.0217       22.0216       22.0216  ,    22.0215  1    22.0216 


(4)  After  removal  of  B  hoop  {at  ends). 


0. 1  inch 

22. 026 

22.  026 
.025 

22.  0255 
.026     . 

22.026    ; 
.0255  ! 

22.0259 

'  7.40  Incht'8 

;          .026 

.0256 

Mean 

1 

22. 026 

22.  0255 

22.  0257 

1 

22.02*7  ; 

i 

1 

22.  0257 

(5)  After  being  removed  from  the  section.     Cut  open  on  one  side. 


0. 1  incli 

21.9972 

21.  9962 
.9962 
.996 

21.  9975 
.9975 
.9975 

21.  998 
.999    , 
.9985 

21.  9972 

3.  75  inchert 

.  9977 

.9976 

7.  40  inchcH 

9975 

.9974 

Meau 

21. 9976 

21.9961 

21.9975 

21.9985  ' 

21.9974 

VIII.— EXTKHIOU  OF  A  HOOP. 


(1)  Original  exltrior. 


DiHtance  liom  top. 


No.  1. 


No.  2. 


Diameters. 


No.  3. 


No.  4. 


Mean. 


0.  1  iuch 

1.92  inche.s 
3.  7.'»  iiM  lies 
.*».  ;>7  iucliert 
7.  40  inches 


Mean 20.431 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

20.  427 

26.  »265 

26.  4265 

26. 4265 

26.  4266 

.4315 

.432 

.  432     ; 

.  4325 

.432 

.  4.12 

.432 

.43.'     ' 

.  4325 

.  4321 

.  4325 

.  432 

.  4325 

.433 

.  4325 

.432 

.432 

.4325 

.433 

.4324 

2«).  4309       26.4311        26.4315,     26.4311 


(*2)  Afdr  asnernhJaije  on  jacket  and  tube. 


Clinch     26.4545 

1.92  inches 4505 

3.75lnche.'* .4565 

5.  57  inches .  457 

7.  40  inches .  4.')7 


Mean 2ti.  4563 


20.4:25 

26.  453 

26. 4545 

26.  4536 

.  456 

.  4565 

.4565 

.4564 

.456 

.4565 

.4565 

.4564 

.4575 

.4565 

.457 

.457 

.457 

.457     1 

.457 

.457 

26. 4558 

•26.4559 

26.  4563 

26.4561 

{'.])  Vri'partd  for  shrinkage  of  B  hoop. 


0.1  inrh 

1.  92  inchcH 
3,  75  inche.s 
5.  57  inehe.s 
7.  40  inches 

Mean  . 


26.  3335 

'JO  334  ^ 
.  335  1 

26  334 

26.  334 

26.  3339 

.  3342 

.335 

.  335 

.3348 

.  335.) 

.  335 

.335 

.335 

.3351 

.  3355 

.  335:1 

.  336 

.435 

.3355 

.  335.-) 

.3355 

.336 

.335 

.3355 

26.  3348 

26.  335 

26.  33.52 

26.  3348. 

26.  3350 

• 
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(4)  After  removal  of  B  hoop. 


Distance  from  top. 

No.  1. 

26.3345 
.3338 
.3343 
.335 
.335 

Xo.  2. 

26.3345 
.3342 
.335 
.3352 
.335 

Diameters. 

- 

No.  8. 

28.3335 
.3838 
.334 
.335 
.3345 

No.  4. 

28.8335 
.3338 
.3348 
.334 
.3343 

^ean. 

Clinch 

1.  OT  inches 

2&334 
.8839 

3. 75  inches 

.8845 

5. 57  inches 

7. 40  inches 

.3848 
.8347 

Mean 

26.  3:M5 

26.3348 

28.3342 

28.3341 

26.33U 

IX. — LENGTHS  OF  A  HOOP. 
(1)  (h-iffiual  length. 


!     S  &  Diameters. 

'    gj     .  No.1.  No. 2,  No. 3.  Na4.   •  No. 5.      No. 8.  Na7.   '  No.8.    |  M< 

Inch.     Inchu.  Tnehet.  Inehe*.  Inehs$.    Inchsi    Indut,  Indkeg.   IndkSB.  I  Infkm. 

Outer 0.25     7.499  7.49W  7.499  7.4995     7.5005       7.500  7.4995     7.4995*7. 

Inner 0.25       .498        .4975       .4995  500    .    .501  500       .5oO         .4995  1    . 


Mesn 7.498.'^     7.498       7.4992     7.4998     7.5007'    7.500     7.4S98     7.4995  i  7. 


!  •  < 


(2)  After  aastmhlage  on  Jacket  and  tube. 


Outer 0.25       7. 498     7. 498        7.499     7.499       7.499    '  7.4985  i  7.4975     7.4975  '  7. 

Inner 0.25        .498       .499  .499       .500         .500        .4995:    .499 


Mean 7.49S     7.4985       7.499     7.4995     7.4995     7.499    17.4982*7.498    '7.4987 


I 


(W)  After  atsvmblage  of  B  hoop. 


Cater 0.25       7.499     7.49115     7.499       7.499       7.499      7.4995     7.499       7.496       7.4H9 

Inner 0.25        .499       .500         .  5iK)        .500        .500        .500    .    .500    .    .499        .4991 

Mean 7.499     7.992       7.4995     7.4995     7.4995     7.4998     7.4995  '  7.4885     7. 4Hi 

!  ■      .  .  .    .         J ' 

(A)  Aftir  removal  of  H  hoop. 

Outer 0.25     7.496.-)*    7.4962     7.4967     7.4988     7.498       7.4972.7.497       7.4967  !  7. 4W 

Inner 0.25       .497  .497       .4969       .499         .4968       .496         .498         .4968  |    .49^ 

Mean 7.4967     7.4966     7.4968     7.4979  17.4984     7.4978  ■  7.4975     7.496    1  7.4in 

__i ■ L— 

(.'>)  Afttr  being  removid  from  the  sectioH,  cut  open  on  one  »ufe. 

Outer 0.25       7.490       7.499       7.499     7.5005     7.501         7.500     7.4995  !  7.4967  !  7. M! 

Inner 0.25         .499        .499         .499         .501      .5015  .500       .4995       .4965:    .4H? 


I.  ■'      I.     ■■  >■ 

Mean 7.499       7.499       7.499     7.5007     7.5012       7.500     7.4995     7.4666JT.4W 
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RECORD  OF  MEASUREMENTS  OF  B  HOOP. 


X. — Intkriok  of  B  hoop. 


(1)  OHginal  interior. 


Distance  from  top. 


No.  1. 


Diameters. 


No.  2. 


No.  3. 


No.  4. 


Mean. 


j  InchcM. 

0. 1  inch 26. 2i>9 

1.  92  inches .  2995 

I  3  75  inches .300 

I  5.  57  inches .2995 

'  7.  40  inches .300 


Inehe*. 

Inches. 

Inches. 

Inches. 

26.  2975 

26.  298 

26. 2995 

26. 2985 

.298 

.298 

.  2995 

.2987 

.  299 

.300 

.300 

.2998 

.2985 

.  2995 

.299 

.2991 

•  .299 

.300 

* 

.300 

.2997 

Mean 26  2996       20.  2984       26.  2991 


26.  2996       26.  2992 


(*2)  After  assemblage  on  J  hoop^  jncket,  and  tube  {at  ends). 


O.liuch 26.3285 

7.  40  inches 33 


26.  329         26.  329 
.3295  .33 


26.  3285       26.  3286 
. 329  .  3296 


Mean 


26.3292       26.3293       26.3295       26.3287       26.3292 


(3)  After  being  removed  from  the  section^  cut  open  on  one  side. 


Clinch 26  3015 

3.  75  inches         302 

7.  40  inches .301 


26  301         26.  3002 
.3025  .3015 

.3023  .        .301 


26.  3002  !  26.  3007 
.3002  I  .3015 
.  300     I        . 3011 


Mean 26.3015       26  3019       26.3009       26.3001,    26.3011 


XL— EXTKIUOR  OF  B  HOOP. 


(1)  Original  exterior  {at  ends). 


Distance  from  top. 


Diameters. 


No.  1.     I     No.  2.     .     No.  3.     1    No.  4. 


Mean. 


0. 1  inch . 
7.  40  inches 

Mean 


Inches. 
31.  49ri5 
.498 


Inches.       Inches. 
31.4975  :     31.498 


.4985 


.498 


31.4982       31.498 


31. 498 


Inches. 
31.498 
.4985 


Inches. 
31.498 
.4982 


31.  4982   31. 4981 


(2)  After  assemblage  {at  ends). 


0. 1     inch 
7. 40   inches 


31.  525 
.526 


31.  52.55 
.  527 


31.5-25 
.526 


31  5249 
.  52C 


31.  5251 
.5262 


Mean..      31.5255  1    31.5262       31.5255       31.5254 


31.5257 
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XII.— Lengths  ok       hooi\ 
(1)  Oriy'uKil  Itntfth. 

^  ^  Diameters. 

*t  ...   ._...  

■**  s  ' 

*  1       No.  1.     Xo.  2.     No.  3.     No.  4.     No.  5.     No.  6.     No.  7.     Xa  8. 

Inch.     Inchf*.    Inchfs.    Incfien.    Inchet. '  Incht*,  I  inches.   Inches.  .  inchet.    IndiM 

Ontt-r 0.25     7.4965     7.4965     7.4WV:.     7.4968     7.4U6    17.495       7.4935     7.49e       7.49» 

iDuer 0.25       .495         .  49r>         .4i».V»       .  49.'>         .495    '     .494         .4925       .4935       .49M 

Moan 7.4957     7.4957     7.496       7.4959     7.4955     7.4945     7.49.3       7.4947     7.4951 

(•i)  .Ifter  atiftemblagt  on  A  hoop^Jacket,  antf  tube. 
_     _  %  *_     _ 

Outer 0.25       7.496     7.4965     7  49.->       7.4955     7.494    .7.493       7.492       7.493        J.4M4 

Inner 0.25         .494       .495         .4935       .491         .4925       .492         .49lV'>       .492     .    .4969 

Moan 7.495     7.4957     7.4943     7.4947     7.4983     7.4925     7.4912     7.4925  i  7. 49r 

;         ■  ' 

y'A)  .ifter  removal  from  thv  section,  rut  open  on  oue  side.  , 

I 

Outer 0. 25       7. 496       7.  497     7  497       7.  497       7. 49»7     7. 4W5     7. 494       7. 4945  =  7. 4f W 

Inner 0.25         .494         .  4U:>       .41*45       .4945       .4945       .49:)         .4925       .  4M     ,    .494 

M»«an.. 7.495       7.496     7.4957     7.4957     7  4951  ■  7.4937     7  4933     7.4W2!T4i5" 

Appendix  C. 

YAHlATIOys  OF  rKKSStRES  ASD  CHASOKS  FltOJif  ORIOIXAL  Di^EysiOKS  OF 
C^LiyDEms  ly  Tin:  ^sEVEh'AL  i<TAOES  OF  coysTKVCTJoy. 

(Computed  from  the  actual  nlirinkagOH  ciiiployMl.  vir.,  ^i~. 0004786;  ^=.0014547:  ^s^.OOiWllJ 

First  stage. — Assomblajjeof  Jacket  on  tain*. 

The  value  of  f^i  is  ex}>re.srtt>d  by  the  following;,  from  fonnula  (12),  Notes  ou  the  Coo- 
stniction  of  Onlnaiici',  N<».  'M  : 

(4IV        Ki)P:--;>.    ,    C4R:''^R,'^)Pi-i-i>, 
'*''-       :KK:-  — R.-)  E..  "^     :Ufci  — R?")Ei  "     •     •     •     •    V«J* 

Rcplaoin;;  the  tinst  term  1>y  itK  lo<;aritIiin  and  rediu'ing  the  kiiowniiiiantitiesin  tbe 
second  nu»nil»er.  »'Xpr*»8.sin^  them  as  logarithniio  coeffleientsof  Pi  -r  Pi  we  have: 

'[6.t)7iH)4i)«)]=[t;.i4-2in:c>]P.  -  i>, --[6.2a()6;^80]P,  H^/»i  .    .   .  O*)*- 

From  which 

P,  +j):  :^  l.r^Utons 

SuhNtitniing  tliis  value  in  (l'2Vi  ahove  and  reducing  we  obtain: 

(^-,,  =  .(HH>47x;  =  .CMK>-2LV2  -f-  .OOO^eUU 

which  beinj;  jnterpi-eted  gives: 

Relative  tangential  contraction  of  exterior  of  tube  =0.2152  thousaudths. 
lielative  tanj^ential  exteuNion  of  interior  of  jacket  =:  0.2634  thousandths. 

*The  biai-keted  ti^ures  throughout  the  text  represent  the  logarithms  of  cofTMpoal* 
lUg  numberb. 
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To  obtain  the  tangential  contraction  of  the  bore  of  the  tube  an  1  extension  of  the 
exterior  of  the  jacket  the  formulas  are,  respectively  : 

-  3  ( Ri'  -  -  R.,^)  Eo  *"*^      R,  -  3  (Hi'  —  Ri«j  El 

Whence  by  substitution  and  reduction  we  obtaiu  : 
Relative  tangential  eonttaction  of  bore  of  tube  =  0.37rio. 
Relative  tangential  extension  of  exrerior  of  jacket  =0.1211. 
To  find  the  variations  in  length  the  formulas*  are: 

For  the  tube: 

^1—=  —  ^rw  ;__  w  :\  y  =       0.07o7  thousandths  per  linear  unit. 
For  the  jacket: 

dh  ^  ~3  (rV^  —  R  *VE  ~  "^  0.0242  thousandths  per  linear  unit. 

Second  stage. — Assemblage  of  A  hoop  on  tube  and  jacket. 

The  value  of  (pj  is  expressed  by  formula  (13)  moditied,  as  follows  : 

_r>  Rr  Pi+(4  R,-+Rr)  l\-f-^:  ,  (4  Ra'+R/')  ^2±Pj  ,,.,. 

^'■"  3(R,^-R,0Ei  "^    3(K3--R2'0E^         *     *     '     ^'•^^*- 

in  which 


^'        Eo  (Ri^-Ro-)  (4  R,^-f  R,^)+E,"(R/-RiO  (4  R>+Ri«) 

or,  by  reduction, 

;,i=— [9.795G479]  Vi-fpi (13)6. 

We  have 

0j=.OO14r>47  [7.16277G7] 

Substituting  this,  together  \^ith  the  value  of  |>),  in  (I3)a,  and  reducing  the  second 
member,  we  obtaiu  * 

[7.1627767]=[r).7l86408]  Pi+jij-hC 6. 5625461)  F^+pi    ....   (13)c 
whence 

P2+/j=3.484  tons 

This  substituted  in  (I3)c,  replacing  0..  for  it«  logarithm,  gives 

* 

0i=.OOl4547=.OOOl82:?-|-.OO12725 
whence 

Relative  tangential  contraction  of  exterior  of  jacket  =0.1823  thousandths. 
Relative  tangential  extension  of  interior  A  loop  :=1.2725  thousandths. 


Returning  now  to  the  inner  contact  surface  the  value  of  Pa-fj).i=:3.484  substituted 
in  (13)6  gives 

pi=— 2.1764  tons 

This  value  represents  the  variation  or  relief  of  pressure  that  would  take  place  at 

this  inner  contact  surface  if  the  pressure  P-z^pi  were  supposed  removed  from  the  ex- 
terior of  the  jacket.     Conversely,  then,  it  stands  for  the  increase  of  pressure  at  the 

"Taken  from  pp.  12  and  8,  Notes  on  Construction  of  Ordnance,  No.  6. 
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said  surfuco  <liu^  to  the  HtuitMublugt^  of  thu  A  hoop,  since  that  asduiublage  prodacostlM 

given  pressure  l\-{-;>.<.    Therefore,  changing  the  sign  of  pi  and  adding  to  the  prevan 
previously  existing,  wo  have 

Pi  4-7;= P,4-/;,4-j>i= 1. 549+2. 1764=-3.72()4  tons 

to  represent  the  ^iressnre  at  the  inner  contact  surface;  whilst  at  the  outer  conttct 

surface  we  have  Pj4-/':=  ^-^^  tons. 

From  formuhi  {V2)  the  value  of  pi  is  now  expressed  as  follows: 

_(4  K.r-f  Kr)  Pi-f/>i,  (4  Rr-f  Ri-)  Pi+i>i-5  Ry-  l^-fM* 

^•-    ;j  (Ri-— Ko-)  Hu   "^  3  (IxV-R.-)  E, 

Snbstitutin*;  the  given  values  and  reducing  the  two  terms  composing  the  second 
meniher  we  obtain 

V>, =.J)OU47!:<(5=.0005177— .000:W. 
Then 

Relative  tangential  contraction  of  exterior  of  tube=0.5177  thousandths. 
Relative  tangential  extensitut  of  interior  of  jacket=—0.0:)9  thousandths. 

The  tangential  comi»ressitm  of  the  bt»re  of  the  tube  is  given  by 

o"=.»  /o  •  '  o  -l  ,'..=^^-'»*ll  thousandths  per  linear  unit ; 
Ro    «>  (Ri — IV)  l'-"^ 

and  the  tangential  extensio!!  of  the  exterior  of  the  A  luK>p,  by 

JRa     ')  R..-  P.>  •  Mj  wv.«  »    1  -.1  y. 

13  =.i  /o  »    ij  -x  1.'  =0.yi<y  thousandths  i>er  linear  unit. 
R:i    3  (R^'—Rr)  r-: 

The  variations  in  length  are  derived  from  the  following: 

djho        Ur  Pi-fi»i  ^^  ,  ,  _    .  ,  ,  ,. 

■  ..    —— ., /o,.     i»  "N  T.- =—^*'i^*W  thousandths  per  linear  unit. 

*rfj;<,     Ri- P74-PI— R.- P,-ri>.  ..   , 

..    —  -    .,    i»^ — u    x  L'  — '= — 0.(.>7b:5  thousandths  i»er  linear  unit. 

rfJA-         R- !*'  —  />. 
^,^  *=.^    R  .'— R.-^  K."'^^^'^'*^'^''  thousandths  |>er  linear  unit. 

Third  {or  finals  Httujc. — A.M.semblage  of  B  hoop  on  tube,  jacket,  and  A  hoop. 

[This solution  is  not  given  in  Note  31,  but  is  a  direct  se<iuence  of  the  ineth04l8gi^*eB.] 

We  have  the  given  shrinkage: 

^=.(XH36I2  [7.13:19405] 

To  adapt  formula  (14)  to  the  case,  we  must  place 

|)3=— (Pa+i^)  ft"*^  substitute  (p3-f-j>,)  for  P3 

whence  formula  (14) : 

_5  U:- ;,:-h(4  Ry+Ur)  ( Ps'hi'n)  ,  (4  R4*+Ri-)  (Pn+Pa)  ,,4)1. 

^-  3(Ka--Ri-)Ec         '    "+■   ■  3(R4*-R3«)"E,  ■     •     •    ^ 

The  unknown  (piantities  in  this  e<|uatiou  are  p^  and  (P34'i'>)t  l>tit  we  may  ezpiC 
the  former  in  terms  of  the  latter,  and  thence  obtain  the  value  of  (P^-f-Ps)*  which  n^ 
resents  the  pressure,  at  the  outer  contact  surface  of  the  structure,  ind^noed  by  tw 
assemblage  of  the  outer  (B)  hoop. 

*Taken  fn)m  page  14,  Notes  on  CoDstriiction  of  Ordnance,  Ko.  6. 
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To  express  the  valne  of  p^  in  terms  of  (Ps-f^)  ^^  have  from  the  general  equations 
of  equilibrium  concerned  (see  example  p.  17,  Notes  on  the  Construction  of  Ordnance, 
No.  7)  upon  substituting  therein 

P3=— (P«4-i>3);  and  j)o=0,  since  Po=0 
the  following: 

5  Rg*  (Ri«  —  Ro«)  Eo 

-P>  —  Eo(Ri«— Ro^)  (4  Rs«  -h  Ri«).-|-  E,  (R,«  -  R,^)  (4  Ro«  -f  Ri»)P. 

and 

5R3MR«'-Ki»)E,(P,-fP8) 


p%=- 


E,  (R,«  — Ri«)  (4  R3«  +  Ra*)  -f  i^a  (R3«— Ra')  (4R,a4.  Rs«)— 5  Ri«X  o*] 


in  the  latter,  of  which  c^  represents  the  fractional  coefficient  of  p^  in  the  first. 

By  substituting  the  values  of  the  known  quantities  and  reducing,  these  two  equa- 
tions become 

j)i=      [9.7956479]  ps (14)6 

^8  =  — [9.9687559]  Pa -fl>s) (14)o 

Substituting  this  latter  in  equation  (14)a,  also  the  logarithm  of  ^  and  reducing 
the  second  member,  we  obtain 

[7.1339405]  =  [5.6253724]  (P3-fp3)-f[6.5584958](P3-fP8)    ....    (14)d. 

whence, 

(Ps  +i>3)  =  3.3692  tons. 

This  substituted  in  (14)(I,  replacing  ^for  the  first  member,  gives 

^  =  .0001422  -f  001219  =  .0013612. 
whence. 

Relative  tangential  contraction  of  exterior  of  A  hoop  =  0.1422  thousandths. 

Relative  tangential  extension  of  interior  of  B  hoop  =^1.219  thousandths. 

Passing  now  to  the  intermediate  contact  surface,  where  the  shrinkage  ^^.0014547 
has  been  applied,  we  wish  to  find  the  increase  of  pressure  brought  about  by  the  as- 
semblage of  the  B  hoop. 

If  the  pressure  (Ps-fl's)  were  supposed  removed,  the  relief  of  the  pressure  at  this 
surface  would  be  given  by  the  value  of  ps,  equation  (14 )o,  when  we  substitute  therein 
the  given  value  of  (Ps+jPs)  ;  conversely  this  value  for  ps  may  be  taken  to  represent 
the  increase  we  are  seeking.  Therefore,  to  obtain  the  pressure  existing  in  this  final 
stage  at  this  contact  surface,  we  have  simply  to  find  the  indicated  value  of  jps,  change 
its  sign,  and  add  to  the  pressure  previously  existing. 

Substituting  the  value  (P3  +jp3)=3.3692  in  (14)o  we  obtain 

j>2  =  — 3.1353; 
whence 


(P*  -fl>«)=P«-fi>8  -fl>9=  3.484  4. 3.1353  =  6.6193  tons, 

which  represents  the  pressure  at  the  intermediate  contact  surface. 
Resuming  equation  (13),  we  make  the  following  substitutions: 

p,=  -(P,-fl>»)         Pa=(Pf-fP«)         P8=(P8-fP3) 
whence 

-f  >«4'Ra*)(Pa-fl>«)   .  (4  Rs'-fRa')  (P«-f  pQ -5  R««  (Ps-fpa) 

h=  3(R««  — Ri»)E,  ■»"  3(Rs«-R8«)E8 

The  value  of  Oi  will  be  derived  from  equation  (13)6  by  substituting  therein  the 
present  value  or  (Pj  -f-pa).    We  thus  obtain 

pi  = —4.13485  tons. 
4625  OBD— 18 
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With  the  kuown  value  substituted  in  the  second  member  of  the  expreosion  for  fi 
above  we  find 

9i  =  .000343t>3  +  .0011083  =  .0014546 

whence 

Relative  tangential  contraction  of  exterior  of  jacket  =0.3463  thonsaDdtha. 

Relative  tangential  extension  of  interior  of  A  hoop  =  1.1063  tboosaDdths. 

Wo  pass  now  to  the  innt>r  contact  surface,  where  the  shrinkage  ^i  =  .00047cf6  baa 
been  applied.  The  prcnsure  exiKting  at  this  hurface  in  this  final  stage  may  be  derived 
in  either  one  of  two  ways.  Technically  it  will  be  more  correct  to  make  the  suppo- 
sition that  all  pressure  is  removed  from  the  exterior  of  the  Jacket ;  find  the  variation 
(relief)  of  ]iressure  thereby  induced  at  the  contact  surface  between  the  Jacket  and 
tube;  change  the  sign  of  this  variation,  and  add  to  the  value  of  Pi  +  Pi*  aa  fonnd 
when  these  two  cylinders  were  originally  assembled  alone.  We  have  fouud  the  value 
of  this  variation  in  the  value  oi pi  above,  viz: 

P\=  —  4. 134S5  tons ; 
whence  

(P,  -f-|ji)  =  P,  +!>,  +pi  =1.549  +  4.13465  =  5.68385  tones 

which  represents  the  pressure  at  the  inner  contact  surface  for  this  final  stage. 

In  another  and  equally  direct  way  we  may  find  the  valne  sought  by  considering  the 
assemblage  of  the  onter\B)  hoop  alone,  find  the  variation  (relief)  of  pressure  which 
would  be  induced  at  the  inner  contact  Kurfaso  by  supposing  this  hoop  removed  ttom 
the  stnicture,  change  its  sign,  and  add  to  the  pressure  existing  at  that  surface  in  the 
tecond  stage  of  the  couHtriiction. 

The  variation  of  pressure  now  sought  will  be  derived  from  equation  (14)6  bj  anb- 
stitnting  therein  the  value 

j>a  =  — 3.1353  tons 

already  found  by  the  solution  of  equation  (14)c;  whence  we  obtain 

|)i  =  — 1.9585  tons. 
Then,  from  what  proceetls 

(P,  +p,)=  PV+>r+l>i  =3.7254  -f  1.9585  =  5,68:«)  tons, 

or  the  same  value,  as  previously  found. 
Resuming  equation  (12)  we  make  the  following  substitutions: 

po  =  0.  since  Po  =  0;  andi>i=— (P,+p,),  Pt  =  (P,-fp,), 

whence 

(4Rr-fR.0(Pi-f  m),    (4R*'«-f-Ri«)(P,+p,)  — 5Ri«(Pt+lH) 
^»=      3(R,''— K«'^)Eo        "*"  3(R,»  — R,«)E| 

and  substituting  the  given  values. 

^>  =  .0007'-99  —.0003112  =  .0004787 
whence 

Relative  tangential  contraction  of  exterior  of  tube  =0.7899  thonsandtbe. 
Relative  tangential  extension  of  interior  of  Jacket  = — 0.3112  thonaandtlia. 

Resuming  the  values  found  for  the  pressures  existing  at  the  several  contact  earfi 
in  this  final  stage  of  the  construction,  we  have 

(Pi+i>i)  =  5.b?i39,(P9-f  Pi)  =  6.6193,  and  (P,+|b)  =  3.3688  tons. 
The  tangential  compression  of  the  bore  of  tnbe  is  then  derived  fkt>m : 

aRo         5Ri«(P,+Pi)        ,^^,  ,^,  ,. 

w-    S3^.», R^^E-^   *      thousandths  per  linear  unit. 
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and  the  tangential  extension  of  the  exterior  of  the  structnre,  that  is,  of  the  B  hoop^ 
from: 

A  R4  5  R3*  (P3  -f  O3) 

R    ^^  3  /g  a  _  vTi)  £'  =  0.9046  thousandths  per  linear  unit. 
The  variations  in  length  are  derived  from  the  following: 

^f^     = —  g-7iK-a |>  gyg-  =  —  0.278  thousandths  pei  linear  unit. 

-^rr —  = 37r  *^^R  ^Y  E ~  ~  0.1667  thousandths  per  linear  unit. 

d_^      Rt«  (P»  -h  P2)  —  Ra"  (P3  +  Pz)       .rtnoQWT,  ^♦i  I- 

..      = ^ — 3  (K  »--Rq'^  E" ~  "^  0.0981  thousandths  per  linear  unit. 

-jT— '  =  3  (R  a  ^  p  8\  p  =  +  0.18092  thousandths  per  linear  unit. 

Note. — The  preceding  relative  values  are  given  in  column  (6),  Table  VIII,  under 
**  thousandths  per  linear  unit/'  except  that,  in  order  to  make  the  comparisons  with 
the  actual  measurements  direct,  the  following  corrections  for  tangential  extension  of 
exterior  of  jacket  and  A  hoop,  due  to  their  first  assemblage,  are  made; 

Second  stage : 

Exterior  of  jacket  =  —  0.1823  +  0. 1211  =  -  0.0612  thousandths  per  linear  unit. 

Third  stage: 

Exterior  of  jacket  =  —  0.3463  -f  0.1211  =  —  0.2252  thousandths  per  linear  unit. 

Exterior  A-hoop  =  +  0.9472  —  0.1422  =  -f-  0  8050  thousandths  per  linear  unit. 

The  column  (d),  under  inches,  consists  of  the  products  obtained  by  multiplying  the 
relative  valued  of  the  changes  by  the  corresponding  interior  diameters  or  lengths. 


*-.. 


PLATE  I. 


•^f'n^  9»9omi»  Jb  »uti   «2^9»|4r* 


0Niy  N3W03«I6 


1 

o 

I 


s 

5 

o 


JACKET 
CYLINOCR 

•MIW  iaill33dB          i 

i                                     1 

JiffUf^'^-ttVykJ^  f!ffi.^^f!?*fl 


\  MIM  N3iltOM$ 


yr 


lil 
m  o 


yiy 


M3N03Jfii 


r 


Appmdix  27—1885. 


H  Ext  pt2  v3  49 1 


H  Exl  pt2  v3  49 1 


PLATE  m. 


DIMENSIONS  OF  TEST  -  SPECIMENS 


TENSION. 


:ptsr.f^ 


HARDNCS8. 


/ 


I'' 


Figr.3. 


fiS^^ 


^  ./To.  ^ 


L — ~  J^  tr  S  ifc^tJ   — 


FORM  OF  COMPRCSaiON  SPECIMEN  A^TER  TEST. 


r" 
I 


••  —  *'*•*-■ 


-r 


C.T.  2.  (Tube  ct/tindor) 


-J.i. 


C.Jli.  ([/aeAe^  eyiirUier) 


AppMdiz  27— 188fi. 


H  Exi  pt2  v3  49 1 


H  ExI  pt2  »3  49 1 


Appendix  28. 


BEPORT  ON  EXPERIMENTAL  CYLINDER,  FROM  THE  l^-INCH  CAST-IROHf 
BREECH-LOADING  RIFLE,  HOOPED  AND  TUBED  WITH  STEEL, 

By  Capt.  D.  a.  Lyle,  Ordxance  Department. 

COMPOSITION. 

The  experimental  cylinder  for  the  12-inch  cast-iron  breech-loading  rifle, 
hooped  and  tubed  with  steel,  is  a  compound  or  built-up  cylinder,  com- 
posed of  four  parts,  viz :  (1)  The  tube  section  (Whitworth  steel) ;  (2) 
the  body  (cast  iron) ;  (3)  the  A-hoop  (Midvale  steel) ;  (4)  the  B-hoop 
(Midvale  steel). 

MATERIALS. 
THE  TUBE  SECTION. 

This  was  cut  from  the  front  end  of  the  tube.  An  annular  slice  for 
test  specimens,  V'.2  in  thickness,  was  removed  from  between  the  section 
and  the  tube  proper. 

The  end  of  the  tube  section  toward  the  main  body  of  the  tube  was 
marked  "face."  The  tube  was  made  by  Sir  Joseph  Whitworth  &  Co. 
from  **  fluid-compressed  steel." 

THE  CAST-IRON  BODY. 

The  body  for  the  experimental  cylinder  was  taken  from  the  breech 
end  of  the  gun-casting,  and  about  Ave  inches  in  rear  of  the  face  of  the 
breech  of  the  finished  gun.  The  initial  tension-ring  for  breech-test 
specimens  was  taken  out  between  the  experimental  cylinder  and  the 
breech  of  the  gun.  That  end  of  the  body  of  the  cylinder  which  was 
next  to  the  gun  is  called  the  "  face,"  and  is  so  marked  and  designated  . 
throughout  the  experiments. 

THE  HOOPS. 

These  were  made  from  Midvale  open-hearth  steel,  and  were  marked, 
respectively,  "Ax"  and  "  Bx."  ♦ 

The  tube  and  hoops  were  rough-finished  to  within  about  one-eighth 
of  an  inch  of  their  finished  dimensions. 

CONTBAOT  SPEOIFIOATIONS. 

The  cast-iron  body  of  the  experimental  cylinder  was  provided  for  in 
the  contract  with  the  South  Boston  Iron  Works,  dated  September  24, 
1883,  as  follows : 

"  The  casting  [for  the  12-inch  hooped  and  tubed  gun]  shall  be  eighteen 
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(18)  inches  lon<^er  at  tbe  breech  eml  than  is  called  for  on  th>)  attached 
drawing,  to  provide  for  a  cyliuder  to  be  taken  from  that  end  for  experi- 
mental i)urposes." 

Again,  tlie  contract  of  Jnne  30,  1884,  provides  "  that  before  finish 
tnrning  and  boring  the  parts  of  the  gun,  an  experimental  cylinder, 
about  ten  inches  long,  rei>resenting  a  section  of  the  gun  over  the  cham- 
ber, will  be  assembled  exactly  as  the  gun  is  to  be  assembled,  with  the 
prescribed  shrinkage  and  the  same  allowed  variations.  This  experi- 
mental cylinder  will  also  be  uuhooped,  the  several  parts  being  success- 
ively removed  by  pouring  molten  metal  al>out  the  exterior  •  •  •." 
(ME- ^'All  dimensions  to  be  subject  to  such  slight  changes  •  •  •  as  the 
Ordnance  Depiirtment  may  deem  necessary  or  advisable  to  make  as  tbe 
work  i>rogre8ses.'- 

AUotced  rariaiiona. 


Boring  the  tul>e,  limits 

TumiDi:  of  other  parts 

Boring  of  other  purls 

Exterior  diameters  of  three  inner  cylinders,  limits 

Parallelism  of  ends 

Eccentricity 

Conicalness 

Lenj^bs 


I 


Contract  of  June 
80.1884. 


C  +".008  ) 
\  -    0005 

±".003 


iDstmctioaa  of 
Chief  of  Ord. 
nance,  April  tL 
1885.  and  prteM 
circnlar  vf  Da- 
cember  1, 1M4. 


i 


.008 
.003 
.003 


±".•1 


Snrplns  metal  left  for  finishing  exterior  diameters  of  cast-iron  body  and  A-boop,  alter  ahriaklic  •■ 
and  measuring  exterior,  -t-".08. 
Exterior  of  B-hoop  to  be  turned  to  finished  dimensions  at  once. 

INSTRUCTIONS. 

In  addition  to  the  contract  specifications,  special  instructions  in  re- 
gard to  assembling  and  dismantling  the  experimental  cylinder  were 
given  by  the  Chief  of  Ordnance  United  States  Army,  as  follows: 

Ordnance  Office,  Wak  Department, 

fVa$kingtony  D.  C,  April^  186&. 
Capt.  D.  A.  Lyle, 

South  Boston,  Ma$8,: 

Sir:  In  hooping  tbe  experimental  cylinder  provided  for  uiider  the  contract  for  Um 
xZ  inch  B.  L.  rifle,  cast  iron,  hooped  and  tubed  with  steel,  the  general  instmetlons 
contained  in  the  inclosed  circular*  relative  to  the  ansembling  and  diamantliDSof  aa 
experimental  cylinder  for  the  b-iuch  B.  L.  rifle  will  be  followed  as  far  as  practToaUah 
except  Bo  far  as  modified  herein.  The  following  data  and  special  instractiom 
also  furnished  you. 


Dimenaions  of  cylinders /or  the  amemblage. 

Measurements. 

Tnbet 

CMting. 

^•llOOPa 

B.U^ 

Interior  diameter . . . 

Jnchet. 
IS.  5 

Ineheg. 
2U.0 

*4lbt 

Szteriordianictert 

Lengths  , , , 

9.6 

9.6 

tL9 

tit 

*As  nearly  as  the  size  of  thin  hoop  will  permit. 

f  As  little* surplus  metslus  practicable,  beyond  what  is  required  for  the  shrinka|ce 
for  same,  should  be  lelt  on  exterior  diameter. 


*  See  printed :  **  General  Instructions  for  A8**embling  and  Dismantling 
mental  Compound-Cylinder  8-iuch  B.  L.  Steel  Rifle  (Double  Hooped)." 
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The  values  of  the  shrinkages  to  be  applied  are  as  follows : 


Caating. 

A  hoop. 

B  hoop. 

u 

u 

u 

9 

a 

9 

P.    . 

P.  . 

P.    . 

5-- 

2^ 

«.s 

Shrinkages. 

•<3  a 
a  (-• 

a  h 

Ddth 
run 

«i 

s 

SS 

i 

Sf 

i 

p  a 

•g 

0  a 

•g 

ra 

0.240 
0.290 

►3 

H 

1.750 
1.788 

a 

M 

.a 
H 

»g 

Theoretical - 

.0048 
.0<l58 

0.0686 
0. 0691 

1.611 
1.644 

0.0780 

Prescribed  limits 

mnximum. 
"   (minimum.. 

0.0754 

0.190 

.0038 

1.711 

0.0671 

1.578 

0.0724 

The  grooves  for  measuring  the  interior  of  the  B  hoop— see  inclosed  instructions — 
will  be  made  before  the  hoop  is  in  place. 

In  making  the  measurements  on  this  compound  cylinder  it  is  very  desirable  to  know 
what  change  in  length  will  be  undergone  by  the  tube  and  casting  due  to  the  com- 
presniou  from  their  exterior  envelopes;  and,  therefore,  you  will  measure  as  carefully 
as  praeticable  tlie  length  of  tube  and  casting  before  and  after  the  assemblage  of  the 
cylinder. 

DISMA^^TUNQ  THE  CYLINDER. 


The  A  and  B  hoops  will  be  cut  longitudinally  until  separation  takes  place.  After 
thehoops  are  removed  and  the  dimensions  of  the  remaining  compound  cylinder  have 
been  mt* anured,  if  it  is  found  that  the  tube  practically  resumes  its  original  dimensions 
prior  to  placing  the  hoops,  the  tube  will  be  taken  out  of  the  casting  by  means  of  lon- 
gitadiual  cuts,  so  as  to  leave  the  latter  intact  for  examination  and  measuremeut.  On 
the  other  hand,  should  the  casting  show  a  more  perfect  restoration  than  the  tnbe, 
tbeo  the  casting  will  be  removed  by  means  of  heat.  This  alternative  is  scarcely  to 
be  anticipated. 

TESTS. 

After  dismantling  the  cylinder  slices  will  be  taken  off  from  one  end  of  each,  and  the 
following  test  specimens  taken  out  and  sent  to  the  commanding  officer  of  Watertown 
arsenal. 

HOOPS. 

Four  tangential  extension  specimens,  6  inches  long  between  shoulders  (see  blae 
print),  one  from  rear  outside,  one  from  rear  inside,  and  two  from  middle  of  thickness 
of  each  hoop. 

CASTINO. 

The  slice  to  be  taken  from  same  end  as  the  ring  formerly  tested.  Two  tangential 
extension  specimens  next  the  bore,  as  long  between  shoulders  as  the  material  will 
admit  of.  Three  tangential  compression  specimens,  12  inches  long,  one  inside,  oos 
outside,  and  one  middle. 

Two  radial  compression  specimens,  as  long  as  practicable. 

Three  tangential  tensile  specimens,  one  outside,  one  inside,  and  one  middle. 

TUBE. 


Three  tangential  extension  specimens,  3  inches  long  between  shoulders,  one  inside, 
one  outside,  and  one  middle,  if  practicable. 

Three  tangential  compression  specimens,  5  inches  in  length,  one  inside,  one  outside, 
and  one  middle,  if  practicable. 

Two  I'adial  compression  specimens,  as  long  as  practicable. 

The  drawings  furnished  the  commanding  officer,  Watertown  arsenal,  showing:  posi- 
tion of  specimens,  should  have  indicated  on  them,  besides  the  marks  on  specimens,  that 
the  specimens  are  taken  after  unhoopiug. 

Very  respectfully,  your  obedient  servant, 

8.  V.  BENfiT, 
Brig.  Qen.  Chief  of  Ordnance, 
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Computations  of  elastic  strength  of  experimental  cylinder  from  l^inck  hreech-loaiimg  r^k 

hooped  and  tubed, 

fData  furnished  by  the  Ordsasce  Office  from  the  physical  tests  of  the  metal  made  befbre  hooping.! 


Tube. 
(Whit^orth  steel.) 


Cast  iron  body. 


Hoops  A>  and  B*. 
(HidFalo  steeL) 


I  ^=poz  21.5  tons '  ^1=6  tons St=S»  \ oo  ♦«— 

I  to=.001!5inch si=  .00075  inch =  J--»WM»- 

.  £o  =  14333.  tons j  pi=10ton8 «.=a  =  .0017  inob 

!  ei  =  .00125  inch Et=E,=  12M1.  tons....! 

,  £i  =  8000    tons : 


Computations, 

f  Values  of  P.] 

iCapt.  Charles  S.  Smith.)    [Capt.  D.  A.  Lyle  and  Lieut.  H.  D.  Bornp.] 


Tont.  Tom. 

P,(>)=  3.7685.-.  Pi =3. 7585 
P,(i)=  7.7500 

PtC)  =  a  0082  .  •.  Pi  =  7. 7500 
Pi(>)  =  12.221 

Pi(«)=12.15l    .-.Pi  =  12. 151 
Po<>)=2l.615 
Po(«)  =  20. 191    .  •.  Po  =  20. 191 


Tom. 
Pi(>)=  3.7687 
P,(»)=  7.75049 
P«(«)=  8.9089 
Pi{')  =  12.22l4 
P,(«)=12.1509 
Po(>)  =  21.5169  + 
Po(»)  =20. 19111  + .-.  Pi=r20. 19111 


Tons. 
•.  Pi'=3.7687 

•.Pi =7. 75049 

•.Pi  =  12. 151 


[Values  of  (P+ p.)] 


(Pi+pi)<*)  =  11.704 

(P  +  pf   —  7. 0225 
pi  =  .420«6x 

pi  «.  _  0.  io«i 


(Pi+P)  ^^  =11.704 
•.  <Pi +1/1 )  =7.0225     (Pi+p)'*  =  7.02a4  + 

pi  =  0. 42064  XPt 
pi  =  0  20090  X  pi 


<Pi  +  pi)<^^  =  11.529 

(Pi  +  pi)'*=  *9. 8246    . 
(9. 2846)  f 
pi=— 1.2966 


'.    Pi+pi  =  5.6879    pi  =  -6. 4645 

Diff.  =(-)  1.8346 

I  (Pt  +  pi)^*^  =11.626 

.    (Pi  +  pi) =9. 8246     (Pi+pi)^  =  9.2838     . 

I 

.     Pi  +  pi  =  6.4514  ;  pi  =L3967 


(Pi  +  Pi)=7.0»4 

Pi+pi  =  6w68M 
Diff.  =  {-)1. 


I 


Diff.  =  —  3. 8732  ' 


(Pi  +  pi)*  =  12. 996 

:  (Pi+pi)'  =  9.6744 
pt  =  — .54627 


(Pl  +  pi)^*>  =  12.987  + 


(P»+pt)  =  9.2881  I 

I 

Ps+pi  =  &4S179  ! 
Difll  =(-)S.881U 


.-.   P,  +  pi  =  9.6744     (Pi  +  pi)'*  =  9. 6748    .•.   (Ps  +  pi)  =  8. 6748 
.-.    Pi  +  p,  =  3.2122  =  p,  =  — 0.6466  .'.     P»  +  pas8.S181 


Diff.  =6.4622 


Difl:  s  (— )&4eiT 


*  Clerical  inversion  probably  writing  9.83,  &o.,  intteod  of  9.88,  Ac 


SHRINKAGES. 


[Values  of  f .] 


[Capt  Chas.  S.  Smith.] 

^i»  -.  000499+ ".  0007332=  +.  000238. 

Pi=  — 11.5032. 

4i= +.  09004777+ .  001700  »  ".  0017477. 

•i**  ^  4. 89845. 

fi=  — ".  0000941+001700=  +.  0016058. 


[Capt.  D.  A.  Lyle  and  Lleal  H.  D. 


01=—".  000498816+".  000788888=+". 

Pi=— 1L604S. 
,  ^t=+.0O0O47681+".0017=+''.881Tf7881+. 
!p,=  -4.2990+. 
I  ^s=-".000090748+".0917=+.08] 
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[VAlnee  of  Ajl] 
TANGENTIAL. 


System  at  rest. 

System  in  action. 

1 

System  at  rest. 

System  in  action. 

\^--.  001216. 
R« 

^•^*—-%  000452. 
Ri 

^-^•-  +.  0012479. 
Ro 

-^=+.000733. 

^J^-  — .  0012146. 

ARi 

r-ir=— -00045241. 

A  R| 

^-J^— +.0012478. 
^*=+.00073185+. 

RADIAL. 

<*/J^=_  00150. 

?^^3'=— .0015103. 
dR« 

d  A  Ri          *«.«.«,« 
^-^-=-.0012498. 

TANGE 

NTIAL. 

^_^-+.  0013765. 

AS 

^^=+.0014496. 

1 
(EL)^^-  +.  00170. 

1 

;  ^J^— +.  0013750. 

A  Ri 
,  ^^-=+.0014632. 

^^—  +.  0017020. 
Rt 

^  =  +.  001700. 

ASSEMBLAGE. 


First  Bt<ige  of  experiments. 

INSERTION  OF  STBEL  TUBE  IN  CAST-IRON  BODY. 

Dimensions  before  aetembling. 


Tube. 

Casting. 

Measarementa. 

Prescribed. 

AotnaL 

Variations. 

Prescribed. 

Actual. 

Variations. 

■ 

Allowed. 

AotuaL 

Allowed. 

j  Actual. 

Interiorjdiameter. . 
Exterior  diameter. 
Lengths 

IneKe§. 
18.6 

*20.0046 

9.6 

Inehsi. 
18.6006 

20.0058 

to.  496 

InehsM, 

±.002 

5  +0. 000? 

{   — .002S 

±0.01 

Inehet, 
+.0006 

+.0007 

-.004 

Jnchss, 
20.00 

89.8498 

J9.6 

JnehsM. 
19.9998 

89.8682 

:9.4998 

±.002 
§+.08 
±.01 

—.0007 
+.0889 
—.0002 

*  Prescribed  maximom,  20.0062 ;  prescribed  minimiun,  20.0082;  desired,  20.0046. 

t  Interior  lengths. 

t  Exterior  lengths. 

§  Enough  metal  left  to  finish  in  subsequent  operations.  , 

EXPANDING  CAST-IRON  BODY. 

A  gas-heater  was  ased  for  this  parpose  very  similar  to  the  one  here- 
tofore described,  and  figured  in  the  construction  report  npon  the  12inch 
M.  L.  K  mortar,  except  that  the  axis  of  the  heater  was  vertical  instead 
of  horizontal. 

This  heater  had  14  arms,  carrying  5  flaring  burners  each,  or  70  burn- 
ers in  all,  for  heating  the  exterior  of  the  cylinder,  and  had  11  sets  of  4 
burners  each,  or  44  burners,  on  the  spindle  for  heating  the  interior. 
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The  lietiter  was  arranf^ed  so  that  it  coald  be  hoiated  ap  and  remond 
from  the  cylinder  by  a  full  and  tackle. 

The  cyliuder  waa  mounted  upon  an  iroo  riogsapported  by  a  cast-iron 
cylinder. 

Tbe  position  of  the  cast-iron  body  in  boistingissbownin  theanneied 
figure,  irilb  the  gas-beater  removed  atid  the  tul>e  sectioa  iuaerted.  Tha 
diagi-ain  also  shows  tbe  arrangement  for  keeping  tbe  tube  cool  by  t 
current  of  water. 

Tbe  beater  aud  sectioD  of  tube  with  cooliDg  appiiratns  were  boQi 
baudled  by  blouks  aud  tackle  rolliug  ou  au  orerbead  rail. 

Inierlion  of  lube  irclion  in  aut-iran  bodf. 


V>rtl«l  •mIIdb  ibnwiag  #miD(e>Buit  fbt  eodlag  Ib 


ir  of  bare,  kad  poslUen  ef  ea 


CylinilerSetaili  of  Keating,  May  21, 1885. 

h.  m.  t. 

OuliRhted 10  41  91 

BlMton lU  41  41 

Blaat  adjusted 10  41  H 

Hinimiim  wire  [l<>iiKtfa  =90.005  iDohea]eDtered  at  (loowlf) 10  U  I 

TrinI  wire  (lfii)(th  =  20.04-2] 

Gas  heater  boisted  fur  flrat  trial  meaiurement 11  9>  H 

initback i 11  SS  M 

noialed  fur  second  trial  meaaDremeDt...... . 11  31  I 

retnnied 11  34  41 

finally  removed 11  46  • 

HMiiDDin  wire[lcnKtb=30.045]  (tigbt  fit  on  Nm.  1  and  3): 

No.l 11  4S  » 

No.3 It  46  41 

Oaaout U  46  41 

HeaanreoieDts  of  length  on  exterior  taken  by — 

N.mnaii  on  No.  1  diameter 11  46  H 

Lieutenant  BoTiip  on  No.  3  diameter 11  46  tt 

Lieutenant  Bonip  on  No.  7  diameter 11  47  H 

Ca|.tain  Lvle  on  No.  3 11  47  « 

Caplaiu  Lyle  read  off  at It  &6  • 

Section  Bieel  tube  in  place 11  47  II 
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Mea$urementn  of  openings  between  tube  and  casting  on  diameters  at  right  angles  to  each 

other. 

On  No.  1  diameter :  Inches. 

At  No.  1 =.019  + 

At  No.  5 =.008  + 

On  No.  3  diameter : 

AtNo.  3  ....; =.005  + 

At  No.  7 =.  020  +  maximum. 


Time. 

h. 

Time  at  end  of  these  measnrements 11 

Section  of  tube  hot  between  Nos.  3  and  5 11 

Brass  thickness  gauge  =  .01  inch  loose  between  Nos.  1-8  12 

tight  between  Nos.  1-8-. 1 

Tube  and  casting  in  contact  at  No.  3 1 

Brass  thickness  gauges  =  .007  i uch  between  Nos.  1-8 1 

.004  inch  tight  fit  between  Nos.  1-8 1 

.003  inch  tight  tit  between  Nos.  1-8 1 

.002  inch  tight  fit  between  Nos.  1-8 and  all  around    2 
.002  inch  tight  fit  at  No.  1  (maximum  opening).     2 
Tube  and  casting  in  contact  all  around  (maximum  opening  one  place  = 

.001  inch) 2 

Casting  cool 5 

Gas  pressure inches.. 

Gas  consumed cubic  feet.. 

Bfyum4. 

Time  of  heating 1 

Time  of  cooling 5 

Total  duration  of  experiment 6 

Time  from  insertion  of  tube  until  casting  closed  on  it 2 


m. 

s. 

52 

0 

59 

0 

55 

0 

9 

0 

23 

0 

25 

0 

43 

0 

52 

0 

5 

0 

12 

0 

26 

tf 

15  pm. 

.95 

772 

3 

30 

30 

0 

33 

30 

38 

sa 

X/t.  Boru*p. 


Mr.  NmmntnM'. 


Capi.  Inj/le  &  lit.  Bwmp. 
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EXPERIMENTAL  CYLINDER  FOR  12-INCH  HOOPED  AND  TUBED  B.  'L.  S. 

Temperature  of  water  in  bore  of  $eotion  of  ateeH  tube, 

[Object :  Inaertdon  of  steel  tube  in  cast-iron  body :  Date.  May,  21, 1885 ;  hydrant  temp.»  s  SS^  F. :  vats- 
rate  (gaLspermin.)  9.  J 


Tube  section  in  position  in  casting 

Hydrant  temperature 

Temperature  of  water  in  bore : 

Temperature=hydrant  temperature 


Stationary 

Roth  inclusive. 
Both  inclusive. 
Both  inclusive. 


Experimental  cylinder  cool. 


*  Little  less. 


t  May  21. 


h. 

Tube  section  in  position  in  casting 11 

Temperature  of  water  in  bore=:hydrant  temperature 11 

Temperature  of  water  in  bore  began  increasing 11 

maximum  and  stationary 11 

bei;an  decreasing 12 

= hydrant  temperature 5 

Cylinder  cool 5 

Time  after  tube  in  place  before  temperature  of  wat«r  in  bore  began  to  in- 
crease     0 

Time  temperature  increasing 0 

Time  temperature,  maximum,  after  tube  in  position 0 

Time  temperature  stationary 0 

Time  temperature  decreasing 5 

Total  time  of  cooling 5 

Rate  of  flow  of  water  through  bore  (per  minnte) gallons.. 

Total  water  used  in  cooling  (approximate) do.... 

Temperature  of  water  at  hydrant  .... "Fah... 

Maximum  temperature  of  water  in  bore do.... 

Maximum  rise  of  temperature  in  bore do.... 


47 

a 

47 

35 

51 

• 

59 

e 

13 

0 

15 

e 

15 

» 

3 

m 

8 

e 

11 

m 

14 

e 

S 

e 

97 

m 

9 

%9n 

MEASUREMENTS  FOR  EXPANSION. 


1. — Diametral. 
Grand  Means: 

Exterior  diameter  of  tnbe  cold SOlOKJ 

Interior  diameter  of  casting  cold UlSM 

Minimum  wire  length M»OK 

Maximnm  wire  length ...•••••  M»MI 

Maximum  expansion  diametrally •••••     OLflBA 

Relative  expansion  diametrally  referred  to  original  diameteralS.! 
2.27  thousandths  per  1" 
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'J. — Longitudinal. 


r 

^^F      A.t  So.  1.    May  14,  exterior  length  oold  [origiDal  nieH«ureiiient7  (Liea- 

^H  tenant  Burup) 9 

^B  Uay  21,  exterior  leu Kth  cold (Mf.  Noonan)..  9 

■  exterior  IcDetli  hot (Mr.  Noooan)..  9 

i  Total  li>0Kitiii3iDa1  expanaiott _.  0 

Belntivp  expaDsion  longitudiimlly  [rererriid  to  original  length,  9.50:J],  1.06 

tbimHaudlhs  per  1". 
Diameter  No.  3 : 

At  No.  3.     May  14,  oitginal  mcafiurement  cold ^Lieutenant  Bocup)..  9 

May  SI,  exterior  length  cold (Lieuteuaoc  Borup)..  " 


loQgitadinally  [referred  to  original  length,  9.5005],  £.26 

length,  original  measiirenient,  cold  (Llenteniuit  Bo- 

9 

Id  (Lit 

Exterior  length  hot  .(Llei 

Total  longitudinal  expansion 

Helutive  expansion  longitudinally  (reTeired  to  orig- 
inal length  =9.5005)  d.l&-|-thonaandths  per  1". 
May  31.  Exterior  length  between  priuk  pnnoh  marks,  cold 
(Captain  Lyle) i 

May   31.     Exterior    length    betneeu    prkk    panch 

marks,  hot  (Captain  Lyle) 

Total  longitudinal  expaofdoo 

Relative  expansion  longitndinally  (referred  to  orig- 
inal length  =  S.9085)  1,18  thoueaudths  per  1" 
(1.1784-)- 


Second  stage  of  experiment — Applicalion  of  hoop  Ax  to  cast-h 
DimeHiioJii  befort  Meembling. 


ExPAMDiNO  Hoop  Aa;. 

The  gaa  heater  employed  for  expaoding  the  cast-iron  body  was  need 
for  hoop  Ax  by  merely  adjuatiug  the  extensible  arms  carrying  the  bnm- 
ers,  80  UA  to  include  the  greater  diameter  of  cylinder. 

The  experimental  cylinder  was  moanted  horizontally,  as  shown  in  the 
acuompauying  sketch,  which  shows  the  cylinder  with  hoop  Ax  in  poai- 
tion  upon  it,  in  its  expanded  state.  Besides  simulating  the  actual  op- 
eration with  the  gun,  this  method  of  procedure  afforded  an  opportunity 
to  measure  the  maximum  opening  between  the  cylinder  and  hoop,  and 
to  observe  the  rate  of  contraction  of  the  hoop. 

Brass  thickuess  gauges  were  used  to  measure  the  opening  between 
the  hoop  and  cylinder  at  the  lowest  poiut  until  the  hoop  closed  and 
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grip])e(l  the  cylinder.  The  times  were  taken  at  which  the  opening 
reached  the  dimensions  of  the  several  gauges,  and  at  the  instant  the 
hoop  clamped  the  cylinder.  A  current  of  cold  water  was  kept  circulat- 
ing thiou>ili  the  bore  of  the  tube  section  until  the  whole  system  was 
cold.  In  heating,  the  hoop  was  hung  with  one  of  its  diameters  vertical, 
the  same  position  to  be  observed  in  hoo]>ing  the  gun. 


See  diagram  opposite. 


Details  of  heating  hoop  Ax.  *»• 

Gas  lit;l»t«Ml 10 

lUast  tiiriu'il  on ^ 10 

Blast  adiust«*(l 10 

Minimum  wire  [length  =39  '.'2(v5  =  dianioter  of  cast-iron  body]  entered  at.  10 

Trial  win*  [l»*ngtb  =39".\i7r>]  iMitored  at 11 

Maximum  wire  [length  =  iJl»".*J?s>]  enten'd  at 11 

Gas  niriied  oft'  at 11 

Mea>uivments  for  longitudinal  expansion  taken  between  lib.  10m.  55e.  and  11 

Began  sliding  hoop  on 11 

Hotip  in  piJsiiion  at  11 

Bra>>  ihieknesM  gauge  =  0".0l7  enteivd  at 11 

=   ".01    entered  at 11 

=   ",(K>5  entered  at 11 

=    ".(H)4  entered  at 11 

=   ".00:l  entered  at 11 

=   ".OO'i  did  not  enter  at 11 

=   ".001  did  not  enter  at 11 

Waier  ring  over  entire  hoop  at 11 

Heat  porr.'ptihle  half  through  east-iron  body 11 

Heat  hjin'ly  preeeptible  to  touch  at  exterior  of  tube 11 

Tube  Ju>t  pereei)tihly  warm 11 

Hooj>  i'old  at 11 

Water  otr  at 12 

Ga**  consumed Not 

Color  of  hoop Light 

Time  of  heating 

Time  of  <"ooling 

Total  duration  of  experiment 

Time  alter  remi)ving  from  heater  until  hoop  clanii>ed  exi>erimeDtal  cyl- 
inder  

Time  al'ttT  application  until  hoop  closed  on  cylinder 


m.     •> 

:a  00 

31  05 

31  :iO 

59  20 

04  50 

10  50 

10  55 

11  30 

11  30 

12  30 
ir>  15 
17  25 
19  00 
19  35 

19  55 

20  15 

20  "2^ 

21  00 
2(>    00 

:c   00 

49  00 
49  00 
00    00 

taken. 

brown. 


39  50 

38  10 

78  00 

9  30 

7  55 


EXPKIUMEXTAL   CYLINDER  FOR  12.INCH  HOOPED  AND  TUBED  B.  L.  S. 

Temperature  of  water  in  bore  of  section  of  steel  tube. 

(Obj^Tt :  Application  of  Loop  Ax;  date,  May  29, 18^'>:  hydrant  tempentnre,  (Myo  F.;  water  rmte  (gaUoM 

per  niiunte)  =7.8.J 


From — 


Ho<»p  in  iK»*itiun  on  casting; ■ , 

Ilydiaiit  T»*nipi»iiitiire    \ 

Tenii»«-r.iturv  of  water  in  bore:  j 

'it  inpt'iatun*  =  h\ ilmnt  temperature 1 

TonijM  rat  lire  |  11 

liot  h .  inclusive jll 

Both,  ini  hiHive j  11 

Htith.  incln«ivo  '  11 

Stationaiy  <lMtth.  iuclu»ive) |  11 

Iii»th,'  iurluitive 11 


«. 


To— 


r»4)th.  inrlu:«ive 
Both,  iuclutdve. 


Hoop,  cool 


12 
12 


13 
29 
82 
87 
40 
53 
00 


00 
00 
00 
00 
00 
00 
00 
00  I  13 
'  12 
12 


k. 
11 
11 

11 
11 
11 
11 
11 
11 
11 
12 


•».  «. 

OF. 

12  80 

12  80 

•• 

18  00 

•• 

28  00 

•• 

81  00 

•&• 

39  00 

«1 

80  00 

•Li 

58  00 

m 

60  00 

«.• 

08  00 

m 

10  00 

•&• 

15  00 

m 

15p.«. 

T.  Tested  tnlu 


=C«rri«ge  OB  fonndrj  flnor. 

=  Arbor  for  aupportJnj;  c>llDd« 
^='Wa(«r  0^1  for  arbor. 

Face  p.  286- 
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h. 

Hoop  Ax  in  position  on  casting 11 

Temperature  of  water  in  bore  =  bydraut  temperature 11 

Temperature  of  water  iu  bore  began  increasing 11 

Maximum  and  stationary 11 

Began  decreasing 11 

llydraut  temperature 12 

Hoop  Ajc,  cool 12 

Time  after  tube  in  place  before  temperature  of  water  in  bore  began  to  in- 
crease   

Time  temperature  increasing 

Time  temperature  maximum  (after  tube  in  position) 

Time  temperature  stationary 

Time  temperature  decreasing 

Total  time  of  cooling 

Rate  of  flow  of  water  tbrough  bore  (per  minute) gallons.. 

Total  water  used  in  cooling  (approximately) do 

Temperature  of  water  at  hydrant ojTahr.. 

Maximum  temperature  in  bore do 

Maximum  rise  of  temperature  in  bore do 


m. 

«. 

12 

30 

13 

00 

28 

00 

40 

00 

52 

00 

15 

00 

15 

00 

17 

12 

27 

30 

12 

19 

62 

30 

7.8 

460 

60 

62 

2 

Hoop  Ax. 

Limits  of  diametral  expansion . 


Interior  diameter  cold. 
Prescribed  limits: 

Maximum 

Minimnm 

Actual 


Alionot  part 
of  iDterior 
diameter. 


Thoutandths. 


BesnltlDK 
expansion. 


Inehet. 


RenuItinK 

interior 

diameter. 


Inehet. 
89.200T 

89.8879 
39.298T 
89.2850 


Time  and  rate  of  expansion  and  contraction, 

L— DIAMETRAI.  EXPANSION. 

Interior  diameter  hoop  Ax  when  cold 39.2007 

h.    me    tee. 

Gas  lighted  and  blast  adjusted 10    31    20 

Minimum  wire  (length  =  39''.  265)  entered  at 10    59    20 

Trial  wire  (length  =  39". 275)  entered  at 11    04    5fF 

Max.  wire  (length  =39".  285)  entered  at 11    10    50 

Hence: 


Period  of  heating. 


First.. 
Second 
ThiM.. 


Mean 


Time  of 
heating. 


Minutes. 
28 
S.5 
6 


Total  time  heating. 


89.5 


Total  diam- 
etral 
expansion. 


Inehet. 
.0648 
.01 
.01 


0848 


Rate  of  ex- 
pansion per 
one  inch  per 
minute. 


Thousandths. 

Nearly  2. 8 

1.8  -f 
1.66 


1.92 


118+ 
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I.  CONTBACnOK. 

h.  ».  m. 

Hoop  removed  from  heater  at .11  10  H 

Uaiimum  opening  =  .(U  incb  at 11  10  SO 

Braaa  tbiokness  gaufre^.OtT  iDch,  entered  at.... ...............  11  16  U 

Interval  )kfi«r  removiDg  from  heater  until  flrat  meaanrement  tekon  ......  00  4  S 


Hoop  had  oloasd  on  ojIIbi 


10 

w 

m 

11 

10 

M 

11 

» 

11 

M 

U 

11 

n 

m 

ft 

3.  CoHPARisoir. 

By  tfnei. 
Eipaiieion : 

Mlnimnm  wiTe  =  39".36!>entered 

Maximnm  wire  =  39".a85  entered 

Timo  required  to  expand  0".0:! ■  . ....... ..... 

Contraction ; 

Maxim  nm  opening  of  Hoop  Axon  cylinder  =  0".017 

Hoop  Ax  closed  on  cylinder ,.„ 

Time  required  to  contract  0".017 ...... 

Hence,  asauming  rate  of  contraction  to  be  coDStant,  the  lime  reqnind 
to  contract  0".O2 . ... . 

BfmtMurtm^t. 
EipauNiou :  , 

Taking  the  relative  expanaious,  we  have  for  the —  per  — *—«• 

First  period  of  heatinn;,  relative  ezpanaion S.3b«« 

Second  period  of  heating,  relative  expansion . ...... .   1.B 

Third  poriod  of  heating,  relative  expansion 1.05^ 

Mean  relative  expansion LU 

And  takinji— 

Total  time  of  heating,  then  relative  expansion t.ia-f 

Contraction  : 

Mean  relative  contntctioD  for  0".0I7  opening i.% 

Mean  relative  contraction  for  total  timeof  contiaotion..... it. 08 

4.  LOXOITUt>tKAL  UCPAMBION. 


Obmrrer. 

Dtametar. 

LaiEtbaTAa. 

*M 

iDtlmmeut  uifd. 

i 

3 

^1 

It 

m 

Vi-niiBrljpwn  r»ltporii  (*f»v.vt 
TfrntiT  -brmm  callpxn  tOrt- 

«.M» 

S.OIU 
9.  DISS 

9.«S 

t-U* 

IS?- 

Mr.N«niiuimndLlen- 

It  be  b^tevH  he  did  nuke  thti  error,  bnt  give* 


huDdredtb  of  HI  laoh.  isaUBg  It  tJU 
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Third  st<ig€  of  experiment — Application  of  Hoop  Ba?  to  experimental  cylinder, 

Dimensiont  he/are  aetemhling. 


Hoop  Ax. 

HoopB«. 

MeMoremento. 

Pre- 
scribed. 

Aotnal. 

Variationa. 

Pre- 
acribed. 

ActnaL 

Variationa. 

• 

Allowed. 

Actual. 

Allowed. 

ActnaL 

Interior  diiuneter 

Inehet. 

Inehet. 

Inehet. 

Inehet. 

+.0028 
-.004 

Inehet. 
45.9 

63.7 

9.0 

Inehet. 
45.9 

53.6063 

9.0 

Inehet. 
±.002 

±.002 

+.01 

Inehet. 
0 

Exterior  diameter 

Lengtha 

C   Mean.   \ 

i    45.9739  5 

9.0 

45. 9767 
8.996 

c  +."oo6 ) 

{  -.002  5 
±.01 

-.0087 
0 

EXPANDING  HOOP  BX  BEFORE  APPLICATION. 

This  hoop  was  expanded  in  the  same  gas  heater  as  Hoop  Aa?,  bat  on 
accoont  of  the  larger  diameter  the  circumferential  burners  were  farther 
apart  and  the  heating  was  slower.  Both  hoops  were  held  in  a  loop- 
sling  similar  to  the  one  used  for  the  hoops  put  on  the  12inch  M.  L.  R. 
mortar.  This  hoop  attained  a  higher  temperature  than  Hoop  AXj  bat 
neither  was  hot  enough  to  exceed  a  "brown"  color. 

Details  of  heating  (Hoop  Bx)—Date  June  10,  1885. 

h.  m.     8. 

Gm  lighted 9  31    10 

Blast  toraed  on 9  31    20 

Blast  adjusted 9  31    30 

Minimnm  wire  (length  =  45.977  =  diameter  of  exterior  of  hoop  Ax)  en- 
tered   10  22    30 

Trial  wire  (length  =  45.987)  entered 10  30      0 

Maximnm  wire  (length  =  45.997)  entered: 

Horizontal 10  35    30 

Vertical 10  38     15 

Gas  tiinie<l  off 10  38    25 

Measnrements  for  longitudinal  expansion  taken  between  10^  38™  20"  and. ..  10  39    30 

Began  sliding  hoop  on  p.  Lost. 

Hoop  in  portion 10  40    20 

Brass  thickness  gauge  =  ".03   entered  (tight) 10  42    30 

=    .02    entered  (tight) 10  44    30 

=    .015  entered  (tight) 10  45    45 

=    .01    entered 10  46    50 

=    .OOSentered 10  47    50 

=    .002  would  not  enter 10  48    30 

Water  ring  over  entire  hoop 10  50      0 

Could  not  bear  band  <>u  Hoop  Ajc  (heat  had  also  extended  radially  2  inches 

from  exterior  of  casting) 10  51      0 

Heat  barely  perceptible  at  middle  of  casting 10  57    30 

Heat  barely  perceptible  at  two-thirds  thickness  from  exterior  of  casting..   11  01      0 

Hoop  Bx  cold  on  exterior,  heat  barely  perccjptible  on  int  rior,  and  Ac  warm.  11  22      0 

Casting  warm  except  near  tube,  heat  in  Ax  barely  perceptible 11  23      0 

HoopBxcold    11  23      0 

Water  off 11  45      0 

Gas  pressure,  difference  in  columns: 

While  burning inches..  1.1 

After  turned  oft do....  1.8 

Gas  consumed cubic  feet . .  1017 

Hydrant  temperature  of  water degrees. .  62 

Rate  of  water  per  minute gallons..  9 

Maximum  rise  of  temperature  in  bore aegrees..  1| 

Color  of  hoop Brown. 

4625  0«D 19 
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Time  of  heating 66  45 

Time  of  cooling 44  45 

Total  duration  of  experiment  from  lightini;  gas  until  water  turned  off  Hoop 

Bx 2    13  50 

Time  after  removing  from  beater  until  hoop  clamped  experimental  cylinder.  10  45 

Time  after  application  until  hoop  closed  on  cylinder 8  40 

Temperature  ofxcaterin  hare  ofewHon  ofeteel  tube. 

Object :  Application  of  Hoop  Bx.    Date:  Jane  10, 1885.    Hydrant  temperature =<Bo.    Water  rate  (gri- 

ions  per  minute):  9. 


From— 


10 


41 
0 
04 
15 
81 
44 


■1 


Hoop  in  position  on  Hoop  Ax : i  10 

Hydrant  teraperataro ! '10 

Temperature  of  water  in  bore : 

Temperatun«= hydrant  temperature 

Temperature  (both  inrlnnive)  

(both  inoluHive)  i    11 

(both  inclusive) !    11 

(both  inclnsive) I    11 

(both  inclusive) ,    11 

(both  inclusive) 11 


10 
10 
II 
11 
11 
11 
11 
11 
Hoop  cool ! 11 


I 


m. 
40 
40 

41 
50 
03 
14 
80 
43 
51 

:>2 

28 


Tempera* 
turn. 


9.    Dtgrmt  F. 
20  < 


0ti 
A5 
AS 


Rcsum^, 

Hoop  Bar  in  position  on  cylinder 10  40    SO 

Temporature  of  water  in  bore  =  hydrant  temperature 10  41     0 

Temperature  of  water  in  bore,  began  increasing 11  ..     .. 

maximum  and  stationary 11  15     0 

began  decreasing 11  31    -. 

z=  hydrant  temperature 11  5S    .. 

Hooplijpcool 11  23    .. 

Time  after  hoop  in  place  before  temperature  of  water  in  bore  began  to 

increase 0  19   40 

Time  temperature  increasing 0  15     0 

Time  temperature,  maximum  (after  luwp  in  i>osition) 0  34    40 

Time  t-emperature,  maximum  and  stationary 0  15    .. 

Time  temperature,  decreasing 0  99    .. 

Total  time  of  cooling : 

hoop 0  49   40 

cylinder 0  71    40 

Rate  of  tio w  of  water  through  hore gallons  per  minute . .    9 

Total  water  U8e4l  in  cooling  (approximate) gallons..  648 

Temperature  of  water  at  hydrant degrees  Fahrenheit. .  69 

Maximum  temperature  in  bore do....  63.5 

Maximum  rise  of  temperature  in  hore do....     1.5 


Limite  of  diametral  expaimofi. 


^oWr*  5-is-j  '£3SS5t 


diameter.        «PMaioii. 


Thoutandtiu,        InA§i. 

Interior  diameter,  cold  ' , 

PrescrilMHl  limits:  j  j 

Maximum [  8.5  0.  I806S 

Minimum j  2.5  0.11475 

Actual  limits 1  2.1132  0.007 


4&I 


4ILI 
4lLtllli 
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Time  and  rate  of  expansion  and  contraction, 

1. — DIAMETRAL  EXPANSION. 

Interior  diameter  hoop  Bx  when  oold inches.. 

h,  tn. 

Gas  lighted  and  blast  adjusted 9  31 

Minimum  wire  (length  =  45.977)  entered  at 10  22 

Trial  wire  (length  =  45.987)  entered  at 10  30 

Maximum  wire  (length  =  45.997)  entered: 

Horizontally  at 10  35 

Vertically  at 10  38 

Hence : 


45.9 

sec, 
30 
30 
0 

30 
15 


Period  of  heating. 


Time  of 
heating. 


First  

Second 

;  horizontal 
vertical 
mean 

First  and  second  ...   

C  horizontal 
Second  and  third  <  vertical  . . 

(mean 

Total  time  of  heating 


Minutes. 
51 
7.5 
5.500 
8.250 
6.  875 
58.5 
13.(J00 
15.750 
14. 375 
66.75 


o  S  3 
HSp< 


Inches. 
.077 
.01 
.01 
.01 
.01 
.087 
.02 
.02 
.02 
.097 


Rate  of  ex- 
pansion per 
1  inch  per 
minnte. 


Ttiousandths. 
1.50+ 
1.33+ 
1.81 
1.21 
1.45+ 
1.487  + 
1.53 
1.26+ 
1.39+ 
1.45+ 


2.— DIAMETRAL  CONTRACTION. 

h. 

Gas  turned  off 10 

Thickness  gauge  =:.03  inch,  tight  fit 10 

Interval  after  gas  off  until  measure  taken 


m. 

seo. 

38 

25 

42 

30 

4 

05 

Period  of  cooling. 

Time 

of 

cooling. 

Opening. 

Interval 
of  time. 

Total  dia- 
metral con- 
traction. 

Bate  of  con- 
traction per 
1  inch  per 
minute. 

* 

1      

m.  sec. 
4      05 

6  05 

7  20 

8  25 

9  25 

Inches. 
.03 
.02 
.015 
.01 
.005 

Minutes. 

Inches. 

Thousandths. 

1 

2 

1.25 

1.08 

1 

.01 
.005 
.005 
.005 

5 

3 

4 

4 

4.6+ 

5 

5 

Mean  

4.66 

Total 

5.33 

.025 

4.69+ 

3.— COMPARISON. 

By  times. 

Expansion:                                                                                                            h.  m.    seo. 

Minimum  wire  =  45.977  entered  at 10  22    30 

Maximum  wire  =  45.997  entered  at 10  35    30 

Time  required  to  expand  .02  inch 13 

Contraction : 

Maximum  opening  of  hoop  Bx  on  hoop  Ax  =  .02  inch  at 10  44    30 

Hoop  Bx  closed  on  Ax  at *10  48    20t 

Time  required  to  contract  .02  inch 4 

*  Tried  to  insert  .002-inch  gauge  hut  failed ;  and  hoop  had  closed  so  that  the  .001-iuch 
gange  would  not  enter  hefore  ohservers  could  change  and  apply  gauges ;  hoop  closed 
probably  about  10.49  a.  m. 
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Hence,  according  to  the  intervals  of  time,  the  rate  of  contraction  is 
about  three  times  as  great  as  the  rate  of  expansion. 

By  measurement. 
Expansion : 

Thooaandtlu  per  1  inol^per  mlaali^ 

Taking  the  relative  expansion,  we  have  for  the  first 

period  of  heating  relative  expansion =rl.5-(- 

Second  period  of  heating,  relative  expansion  of 1.  Z^ 

Third  periodof  heating  (mean),  relative  expansion 1.45+ 

Mean  relative  expansion 1.426+ 

And  taking,  total  time  of  heating,  then  relative  ex- 
pansion   =1.450-1- 

Contraction : 

Mean  relative  contraction ^4. 60 

Hence,  according  to  the  measurements,  the  rate  of  contraction  is  a  little  greater 
than  three  times  the  rate  of  expansion. 

4.— LONGITUDINAL  EXPANSION. 


Instrument  used. 


■Diameter. 


Observer. 


Captain  Lyle 

Commander  Lyon  .. 

Mr.  K'oonan 


Llentenant    Borup 
and  Mr.  Caaey. 


•  '2" 

It   A    t1 


u 


Beam  compaaaes 

Vernier    beam    calipers 

(Navy). 
Yemicr    beam    calipers 

(South  Bos  ton  Iron 

Works). 
Vernier    l>eam    calii>crs 
•     (OrdDanco). 
Mean  of  »11  four  observations 

Mean  of  last  throe 

Meau  of  two  oliaervatious  on  diameter  2  (at  "2"  and  "6 
Moan  of  two  observations  on  diameter  4  (at  "4  ") 


2 

4 


Length  of  hoop  B«. 


No.     At. 


Cold. 
(6) 


After    I  Total  ex- 


heating, 
(a) 


II 


•I 


6" 


Inches. 
9.000 
9.000 


9.000 


9.02 
9.018 

9.015 


9.017 


*  Referred  to  ori^^inal  lengths  (cold). 


pansion. 
(«-*) 


Ineksi, 
.026 
.018 

.016 


.017 


*ReUtiTe«x. 

panaion  or| 
expMnaioiiMr 

Ifnear  inek. 


2.77+ 
2.00 

l.tH 


L8i+ 

2.07 
L8I8+ 
2.83 
LSI 


DISMANTLING. 

Fourth  stage  of  experiment :  Removing  hoop  Br  from  experimental  cglinier^ 

The  cylinder  was  placed  ou  ed^e  upon  the  planer  and  a  slot  0^' wide 
was  cut  lengthwise  of  the  hoop,  beginning  on  the  exterior,  until  the  on- 
cut  metal  was  reduced  to  about  0.3^'  in  thickness,  when  ruptare  took 
place  with  a  report  closely  resembling  a  pistol-shot.  The  slot  was  made 
on  diameter  No.  1,  at  the  end  marked  "1".  One  of  the  ^^  scored' 
diameters  was  selected,  in  order  to  get  a  point  where  the  iDterior  length 
was  known  from  previous  measurements,  for  use  in  determining  the  con- 
traction of  the  web  or  fin  of  uncut  metal  after  rupture.  Thia  method 
of  proceduie  has  this  disadvantage,  t.  e.,  that  the  interior  and  exterior 
diameter  at  this  point  measured  after  unhooping  are  somewhat  distorted, 
dut'  to  the  contraction  of  the  uncut  metal,  and  are  not  directly  compa- 
rable with  those  previously  taken  at  the  same  i>lace. 

It  would  probably  be  better  to  determine  and  mark  in  advance  a  polnti 
say,  half-way  between  diameters  1  and  2,  and  measure  the  interior  length 
at  that  place  for  use  as  above  stated.  This  would  enable  all  meaaaree 
of  interior  and  exterior  diameters  to  be  taken  after  rupture  for  direet 
comparison  with  those  previously  obtained. 
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A  12^'  Browu  and  Sbarpe  scale  was  used  for  measaring  the  depth  of 
the  slot.  The  width  of  the  slot  was  measured  from  time  to  time  by  a 
taper-gauge,  reading  directly  to  .005",  with  about  0.1"  between  the  gra- 
duating divisions,  so  that  the  widths  could  ea^^ily  be  estimated  to  within 
±.002  of  their  actual  dimensions. 

The  widths  of  slot  were  measured  at  each  end  of  the  cylinder,  those 
marked  as  taken  '*at  A"  being  taken  on  the  "face''  in  all  cases,  and 
those  "at  B"  were  taken  at  the  opposite  end  of  the  slot. 

The  measurements  in  column  marked  "top''  were  taken  on  the  exterior 
and  at  the  same  point  throughout.  Those  in  column  marked  "  middle" 
were  taken  half-way  between  the  exterior  and  the  bottom  of  the  cut,  and 
of  course  changed  with  the  depth  of  cut.  The  column  marked  "bottom" 
contains  the  readings  taken  at  the  bottom  of  the  cuts  whose  depths  are 
given  in  the  first  column.  These  measurements  were  taken  to  observe 
the  form  assumed  by  the  cut  under  the  hoop-stress  as  the  slotting  pro- 
ceeded. 

Measurements  of  width  of  slot  in  cutting  off  hoop  Ex.* 


Depth  of  slot. 


0.217 

0.8 

0.8  (8cant)f 

1 

1.6 

2.6 

3.0 

3.5 

3. 68  after  raptnre 


Width  of  slot- 


At  A 


Top. 


Inehet. 
.495 
.4975 
.501 
.503 
.607 
.545 
.589 
.670 
.767 


(scant) 


Bottom. 


Inches. 


.4975 

.405 

.496 

.498 

.499 

.503 

.596 


At  B. 


Top. 


Inches, 
.497 
.500 
.501 
.501 
.505 
.645 
.589 
.669 
.766 


Bottom. 


Inches. 


.503 
.502 
.499 
.502 
.504 
.503 
.608 


•  Measured  from  exterior  of  Bx. 

t  Edge  of  tool  broken  off;  tool  trronnd  to  width  of  .  5"  as  nearly  as  prauticable,  and  used  nntil  end 
of  experiment.    From  this  time  oil  was  used  freely  to  keep  the  tool  from  losing  its  temper  by  heating. 

Miscellaneotis  measurements  (Bx). 

Width  of  slot  after  rnptnre  (hoop  removed) : 

At  top inches . .       .  665 

At  middle do (i5 

At  bottom ..do 514 

Width  of  seam,  or  line  of  rupture  hoop  in  place  =  -i^" do 0625 

Exterior  diameter  Bjc,  original do 53. 6963 

Interior  diameter  Bx,  original do 45. 9 

Difference do....     7.7963 

Half  difference  =  thickness  of  Bx  (original) do 3. 896 

Depth  of  slot do 3.58 

Difference  =  thickness  metal  uncut  before  rupture do 316 

Measured  thickness  of  metal  uncut  after  rupture  : 

At  A do 2965 

AtB do 311 

Mean  thickness  metal  uncut  after  rupture  = do 304 

Contraction  of  thickness  at  li ne  of  rupture  =  (.  316" — .  304")  = do 012 

Contraction  of  thickness per  cent . .     3. 7-|- 

Original  length inches..     9. 

Length  after  rnptnre do 8.883 

Contraction  of  length do 117 

Contraction  of  length per  cent..     1.3 

Area  of  section  before  rupture square  inches..     2.844 

Area  of  section  after  mpttire '. do 2. 700+ 

Contraction  of  area per  cent..     5.+ 
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Fifth  stage  of  experiment :  Removing  "hoop  Ax  from  the  cast-iron  bodg. 

This  hoop  was  removed  in  the  same  manner  as  hoop  Bx.  The  report 
when  the  ancut  metal  broke  was  sharp,  but  not  quite  so  loud  as  that 
accompanjiug  the  rupture  of  hoop  Bx. 

Measurements  of  itidth  of  slot  in  cutting  off  hoop  Ax. 


Depth  of  slot. 
DiamelcrNo.  •'l"on"l." 

I    .2iiich 

linch  

Width  of  slot— 

Top. 

At  A. 

AtB. 

Middle.  Bottom. 

Top. 

Middle.  Bottom. 

1 

Jnchei. 
.492 
.497 
.506 
.558 
.622 
.711 

1 

Jnchei.   Inehet. 

1 

'.'.V.'.'.'..  "",m 

.493 

1      .543         .496 
.603         .501  , 
.693         .  578 

Inchet. 
.495 
.501 
.508 
.556 
.624 
.707 

Jncft«t.   /fi<A«f.i 

1  1 .5  iuches 

2.5  inches 

'.Mi* 

.495 
.487 

3.0  inches 

.605 
.684 

.496 
.573 

1  3.1  iuches,  hoop  mpturetl. 

MiaceUaneous  measurements  (Ax.) 

Width  of  slot  after  niptnre,  hoop  removed : 

At  top incbefl. 

At  middle do... 

At  btittom do... 

Width  (»f  wam,  or  lino,  of  rupture,  hoop  in  place  {-^o") 

Exterior  diameter  of  Ax,  original 

Interior  diameter  of  Ax,  original 

Dilferonce 

Half  ditterence  =  thickness  of  Aor,  original 

De]»tli  of  slot 

Difference  =  thicknens  metal  uncut  before  rupture 

Measured  thickness  of  metal  uncut  after  rupture: 

At  A 

At  H 

Mean  thirkness  metal  uncut  after  rupture 

Contraction  of  thickness  at  line  of  rupture  =  (. 308"  —  .2365")= 

Contraction  of  thickness per  cent. 

Original  length inches. 

Length  after  rupture do... 

Contraction  of  length do... 

Contraction  of  length per  cent. 

Area  of  section  before  rupture sqnare  inches. 

Area  of  section  after  rupture do... 

Contraction  of  area do... 

Contraction  of  area percent. 


.500 
.06 
4a  0108 
39.8007 
6.8161 
3.40eOfrf 
3.1 


.831 


82. 56 
9. 

&90S 


1.00 
8.718 

8.UM- 
0.654 
83.5-f 


Si,vth  stage  of  experiment :  Removing  caM-iron  body  from  steel  inie> 

The  cast-iron  bo<1y  wa.s  out  oft'  in  the  same  manner  88  hoops  Bwoi 
A,  in  accordance  with  tolop:ra])hic  inatractiona  from  the  Chief  of  Ord- 
nance, U.  S.  A.  Tlie  nncut  metal  on  the  interior  broke  with  a  very  ftini 
but  audible  report.  The  openinp^  of  the  seam  or  line  of  rupture  was  too 
slight  to  be  measured. 
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MeMuremenis  of  width  oftiloi  in  cutting  ojf  oast-iron  cylinder, 

[Width  of  tool  =        ] 


Depth  of  slot  on  diam. 
No.lon"l." 


Width  of  Slot. 


At  A. 


Top. 


.26  inch 

2  inches  scant 

4  inches 

6  Inches 

Oinches 

9. 35  inches  mptored 


.497 
.499 
.501 
.502 
.509 
.523 


Middle. 


Inches. 


487 

494 

495 

500  scant 

512 


Bottom. 


Inches. 


.492 
.492 
.491 
.492 
.502 


AtB. 


Top. 


Inches. 

.487 
.495 
.497 
.498 
.507 
.518 


Middle. 


Inches. 


.485 
.494 
.495 
.497 
.609 


Bottom. 


Inches. 


.495 
.493 
.493 
.493 
.508 


Very  light  report. 

Micellaneous  measurements  (cast-iron  cylinder). 

"Width  of  slot  after  rnptnre,  cylinder  removed : 
At  A: 

At  top inches..  .511 

At  middle do....  .505 

At  bottom do.-..  .497 

AtB: 

At  top inches..  .506 

At  middle do...  .503 

At  bottom do...  .496 

Width  of  seam  or  line  of  rupture,  cylinder  in  place (too  minute  to  measure) 

Exterior  diameter  of  cast-iron  cylinder,  original 39. 2636 

Interior  diameter  of  cast-iron  cylinder,  original 20. 0031 

Diiference 19.2604 

^  difference^^tbickness  of  cylinder,  original 9.6302 

Depth  of  slot : 

AtB 9.4» 

At  A 9. 35* 

Differencesstbicliness  of  metal  uncut  before  rupture : 

AtB 2302 

At  A 2802 

Mean  thickness  of  metal  uncut  before  rupture .  2552 

Measured  thickness  of  metal  uncut  after  rupture: 

At  A 256 

AtB 242 

Mean  thickness  of  metal  uncut  after  rupture .249 

Contraction  of  thickness  at  line  of  rupture  (".2552— ".249) .  0062 

Contraction  of  thickness per  cent..  2.429 

Original  length 9.4982 

Length  after  rupture inside..  9.496 

Contraction  of  length .0022 

Contraction  of  length per  cent..  .02 

Area  of  section  before  rupture square  inches..  2.4239 

Area  of  section  after  rupture do 2.3645 

Contraction  of  area do .0594 

Contraction  of  area..:. percent..  2.45 


**  Approximate. 
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RECAPITULATION. 


Ahwlute  and  relative  eaqtanaiont. 


[The  relative  ezpansioiu  are  expreMed  in  thonaandths  per  linear  inoh  of  the  original  diinMiriiM 
before  beating.] 


Total  time  of  beating 

Time  of  cooling: 

Time  aft^r  application  nntil  doeed 

Original  interior  diameter incbea. . 

Diametral  expansion : 

Maximum incbea.. 

Kelati  ve  t  boasaDdtbs  per  1  incb 

Longitudinal  expansion : 

R^tatiT.  I  Mr.  Noonan  (.t  "l")  { ^^^  ^/itoih. 

Total       )  Lt  Comd'r  LyonCinchea 

ReUtive  S         (at  '1")         \  tboua.  per  1  incb  . . . 

Ee"%.e  lc»P«-I-y'*<»t"3')  1  {"houl'piViVnch::: 

Total       \  Lt  Bomp  and  Mr.  C  incbea 

Relative  >     Casey  (at  "3")     \  tboos.  per  1  inch  . . 

Total       )  Lt  Bomp  and  Mr.  5  inches   

RelaUve5     Casey  (at  "7")     {  thona.  per  1  inch   . 


Caating. 


1*    8«  80" 
6»  80" 
2k  88"  80> 
19.8983 

.0454 
2.27 

.0155 
1.0« 


.0105 
1.18 

.0215 
2.20 

.0205 
2.15 


Hoop 


50" 

]0> 
7-    55" 

88.2007 

.0848 
2.154+ 


.018 

2.0  nearly 
at 'T*.  015 
1.05+ 

.0185 
2.10+ 


Hoop  Bik 


Ik    6-    45* 
44-    4» 
^    40> 
45.8 

.007 
2.1l»f 

.015 
1.66+ 

.018 
2. 

.025 
2.T7+ 

.017 
L88+ 


Belaiive  diametral  expannon  and  contraction  per  linear  inch  per  minute  for  the  laet  .02  iNcft 

of  abiolute  expansion. 


Expansion  : 

Mean  (of  periods) thousandths  perl  inch  per  minute..  1.73+ 

Usins  total  time  of  beating do 2.18+ 

Contraction : 

Mean  (of  poriods) thousandths  per  1  incb  per  minute..  8.2  + 

Using  total  time  of  contmctinfc do ;  2. 08+ 

Time  reqnirwl  to  expand  last  .02  incb !  11"  80* 

Time  required  to  contract  same. 02  inch 6" 42* 


Hoop  As. 


Hoo|i,B& 


L45+ 

4.65 

4.68+ 
1S» 
4- 


TEST  SPECIMENS. 


[Diagrams  appended.] 


These  were  taken  from  the  hoops,  cast-iron  bo<Iy,  and  tube  sectioB, 
after  itnhooping.  Tlie  specimens  were  either  rough,  planed,  or  tanwdy 
and  were  sent  to  Watertown  Arsenal  to  be  finished  and  tested. 

(1)  Hoop  Bx  (Mid vale  Steel). 
Four  (1)  tangential  specimens.    Length  9  by  1.2  inches  square* 


(I 


No.  1,  outside. 
No.  2,  inside. 
Xos.  3  and  4,  middle. 
See  (diagram  B.) 


5.*' 


r  ■■ 

00 

Hi 

B 

A>5.  z;^,  J  Arf. 
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(2)  Hoop  Ax  (Midyale  Steel). 
Four  tangential  tension  specimens.    Length  9  by  1.2  inches  square. 


No.  1,  outside. 
No.  2,  inside. 
Nos.  3  and  4,  middle. 
(See  diagram  A.) 


A. 

i 

N^8.I,2,3a4. 

(3)  Cast-iron  Body. 
Two  tangential  tension  specimen^.    Length  31  by  1.2  inches  diameter. 

Nos.  1  and  2,  both  inside. 

Three  tangential  compression  specimens.    Length  12  by  1.2  inches  diameter. 


No.  3,  outside. 
No.  4,  middle. 
No.  5,  inside. 


Two  radial  compression  specimens.    Length  9.6  by  1.2  inches  diameter. 

Nos.  6  and  7,  opposite  sides  of  center. 

Three  tangential  tenacity  specimens.    Length  4.1  fry  1.25  inches  square. 


No.  8,  inside. 
No.  9,  middle. 
No.  10,  outside. 
(See  diagram  G.) 


• 

ja" 

H. 

a  T. 

O 

>• 

00 

r 

M 

a 

;€ 

N08. 

s. 

9  8c  10, 

Three  (3)  dislis  for  hardness  and  density,  5  inches  by  1.5  inches  diameter 


Marks : 


These  disks  were  taken  on  a  radius,  one  inside,  one  outside,  and  the 
other  from  the  middle  of  the  ring. 

They  were  sent  to  Sandy  Hook  for  test. 
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The  disks  were  sabjected  to  a  pressnre  of  10,000  ponnds  in  the  test- 
ing-machine at  Sandy  Hook,  with  the  following  resnlts,  as  commoni* 
cated  by  Gapt.  0.  W.  Whipple,  Urd.  Dept.,  U.  S.  A.,  viz : 


Specimen  marked. 

Len^of 
cat. 

Hardness. 

TST 

Inek§i, 
0.625 
0.610 
0.625 

IS.  66 
14. 6Q 
18.66 

CEN 

OUT 

The  specific  gravity  of  the  specimens  was  not  given. 

(4)  Tube  (Whitjvorth  Steel). 
Three  tangential  tension  specimens.    Length  6  by  1.2  inches  sgwirem 

No.  3,  middle,  from  opposite  side  of  ring. 
Three  tangential  compression  specimens.    Length  5  by  1.2  inches  9guan. 

Na  5,  ^nsfde,"'  }  ^'^"^  «*•"«  «<i«  «^  ««°t«'^- 
No.  6,  middle,  from  opposite  side  of  ring. 

Ttco  radial  compression  specimens.    Length  3.2  by  1.2  inches  squaree. 
No*  S  i  ^^^^  opposite  sides  of  center. 

Marks : 

(See  diagram  T.) 


JJ" 

H  I.T 

T 

Ahs. 

7.J.J.'# 

S,C,?,^6         1 

REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


299 


Diagram  B. 

[Showing  position  of  specimens.  1 


.<--r(^->I 


Hoop  B  (MlDVALB  STBBL). 
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Diagram  A. 

[Showing  position  of  speoimens.  ] 


Hoop  A  (Miovalb  Stbbl). 
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DlAOBAJf  0. 

[Showing  position  of  speoimeiiB.] 


»'l'~^.. 

/     1 

/         1 

1    1      \ 
^     1         \ 

J        I  \j 

\y 

CUT-IBOK  BODT. 


DiAaBAU  T. 
[Stoning  position  of  specimens.] 


Tube  (Whitwobth  Stul). 
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REMARKS  ON  HEATINa  THE  HOOPS. 

It  will  be  noted  that  66°^  45*  were  required  to  expand  Bx,  whOe  only 
39°^  50"  were  required  to  expand  hoop  Aj?,  though  the  relative  expandon 
of  the  former  was  less  in  the  proportion  of  2.113  +  to  2.154. 

The  absolute  expansion,  however,  of  Bar  was  .0127  inch  greater  tiiaa 
that  of  Ax. 

The  difference  in  expansion  does  not  account  for  the  differenoe  in 
time  required  for  heating,  nor  will  the  difference  in  volume  of  metal  to 
be  heated  account  for  it. 

This  discrepancy  ma^^  be  accounted  for  by  noting  that  the  same 
heater  was  used,  and,  in  consequence  of  the  greater  circumferential  dis- 
tance between  the  burners,  due  to  the  longer  radii  of  the  arms  required 
for  Bar,  the  heating  would  not  be  so  rapid  as  in  the  case  of  Ax. 

Slight  variations  in  gas  pressure  would  also  affect  the  time  required 
for  heating.  The  temperature  of  Bjt,  as  shown  by  the  color  testy  was 
slightly  greater  than  that  of  the  inner  hoop. 

The  best  method  of  heating  the  hoops  would  undoubtedly  be  to  place 
them  centmlly  on  a  spider  in  a  horizontal  position  and  allow  hot  air  to 
enter  the  heater  axially,  strike  a  flat  cover  (which  is  movable),  and  flow 
outwaiil  and  downward,  enveloping  the  hoop  in  such  a  way  as  to  heat 
all  parts  of  it  uniformly.  The  exit  pipes  could  be  arranged  around  the 
bottom  near  the  perimeter  of  the  heater.  In  this  method  the  tempera- 
ture of  the  interior  of  the  heater  could  be  definitely  ascertained  with 
tolerable  accuracy  and  the  temperature  of  the  hoop  kept  within  maj 
fixed  maximum  limit,  not  exceeding  600°  Fahrenheit. 

With  the  ga^  heater,  although  a  slight  oscillatory  rotary  motion  is 
maintained,  it  is  found  impossible  to  keep  every  segment  of  the  ciroaai- 
ference  of  the  hoop  at  the  same  temperature.  Some  segments— l^en- 
erally  those  at  the  top  and  bottom,  on  account  of  the  upward  currentof 
air  induced  by  the  heat — will  have  a  higher  temperature  than  others. 
Yet,  on  the  whole,  very  good  results  may  be  obtained  with  reasonable 
care. 

With  a  reverberatory  furnace  the  same  difficulty — ».  «.,  that  of  nn* 
equal  heating — will  be  encountered. 

In  such  a  furnace  the  heat  is  necessarily  variable  at  different  pointi^ 
due  to  the  form  of  the  furnace  arch  and  the  existence  of  a  bridge  wall. 
The  most  favorable  case  with  such  a  furnace  would  be  to  have  a  hori- 
zontal rotary  hearth,  upon  which  the  hoop  is  laid  flat  on  two  or  mors 
cross-bars  so  that  the  segment  of  the  perimeter  farthest  from  the  bridfa 
wall  should  occupy  the  point  of  maximum  heat,  and  then  by  slow  ail 
uniform  ix)tation  of  the  hearth  every  point  of  the  circumferenoe  would 
be  carried  consecutively  through  the  zone  of  greatest  heat.  The  hoop 
would  have  to  be  roughly  centered  over  the  pivot  of  the  rotaliif 
hearth. 

The  bars  are  laid  on  the  hearth  in  order  to  expose  as  mneh  of  Aft 
hoop  surface  as  possible  to  the  action  of  the  heated  air  and  flaaa 
Even  with  this  contrivance  it  is  doubtful  whether  the  heating  would  be 
as  uniform  as  with  a  good  gas-heater,  uuexposeil  to  drafts,  and  nndert 
steady  gas  pressure.  The  furnace  has  the  advantage  of  keeping  th6 
hoop  horizontal,  hence  there  is  no  sagging  due  to  the  weight  of  the  hoopk 
or  comprossion  due  to  the  methoil  of  slinging  used  for  the  gas  heatar. 

With  large  hoops  it  is  found  that  the  expansion  rod  may  enter  hoii- 
zontally  before  it  will  vertically,  or  vice  versaj  de^iending  npon  tto 
weight  and  method  of  slinging.    If  a  furnace  is  to  be  nsed|  it  wooMi 
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probably  be  preferable  to  employ  a  large  mulSe  furnace  similar  to  those 
used  for  roasting  arsenical  ores  when  the  arsenious  add  is  to  be  saved 
aod  collected  as  a  by-jirotluct.  With  such  a  furnace  no  flame  would 
come  in  contact  with  the  hoops  and  the  operator  would  be  better 
able  to  judge  of  the  teni|>erature  of  his  fnniace  by  inspection  siuoe  no 
glare  of  flame  would  enter  as  a  pertn  rbatory  factor  to  mask  the  color  of 
the  oxide  upon  tlie  steel  surface.  The  furnace  operator  could  also  reg- 
nlate  the  heat  of  his  muffle  by  having  at  baud  a  little  charcoal  to  place 
at  points  inside  the  muffle  which  are  cooling,  or  are  colder  than  he  de- 
sires. Of  course  careful  firing  would  be  required,  but  not  nearly  so 
much  care  would  be  necessary  as  iu  the  case  of  an  ordinary  revorbera- 
tory  furnace,  siuce  the  degree  of  heat  cau  be  regulated  by  opening  the 
doors  of  the  muffle,  if  too  great, -and  by  urging  the  fire  or  putting  char- 
coal in  the  muflle,  if  too  low. 

Any  cue  of  the  three  latter  methods  is  to  be  preferred  to  the  uncer- 
tainty and  iiTegularity  of  the  old  method  of  heating  in  a  perforated 
flask  with  a  wood  fire. 

COLOR  TEST. 

[  The  color  test  for  temperature  and  approximate  degree  of  expansion 
'itaa  been  as  satisfactory  in  this  experimental  cylinder  us  with  the  hoop- 
ing of  the  12-inch  M.  L.  mortar.  The  limit  of  dark  broim  has  been  ad- 
hered to  as  indicating  the  highest  temperature  to  be  attained  in  heating, 
and  all  necessary  expansion  can  be  obtained  without  going  beyond 
tbftt  limit  with  the  quality  of  steel  now  furnished  by  the  Midvale  Steel 
"Oympaiiy  for  (he  Army  and  Navy  work  at  this  foundry. 

The  6-ineh  Navy  gnus  assembled  at  this  foundry  afforded  au  exoellent 

iportunity,  both  in  the  hooping  and  in  the  shrinking  on  of  the  jackets, 
observe  the  correspondence  of  color  with  the  degree  of  expansion 
required. 

The  five  Navy  guns  already  nssembled  made  a  series  of  fifty  hoops 
available  for  obsArvatious  on  this  point. 

liie  Navy  Department  nse  a  greater  expansion,  and,  consequently,  a 
little  higher  beat  than  employed  by  the  Ordnance  Department  at  this 
place  upon  the  same  quality  of  work,  yet  with  their  greater  heat  they 
rarely  exce«d  the  color  of  dark  broKn. 

The  Navy  hoops  were  made  of  steel  by  the  same  company,  were 
heated  in  the  same  heater,  and  under  the  same  conditions  as  regards 
light,  draughts,  &c.,  as  were  the  Army  hoops,  so  that  the  color  tests 
were  observed  under  the  same  conditions  in  both  instances,  and  hence 
are  directly  comparable. 

RESULTS. 

The  numerical  results  of  the  experiments  are  given  in  Tables  1,2,  and 
3,  ajipended  hereto. 

The  tables  of  detailed  measurements  are  placed  in  the  Appendix. 

The  measurements  iu  these  tables  were  made  by  Lieut.  H.  D.  Burup, 
Ordnance  Department,  U.  S-  A, 
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Tablr  l.—Temperalmi  o/watBrU  londuriug  koapl*f. 
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liffeoU  #/  looping  and  unkooping  upon  ike  mean  lengik$  o/  ike  Uthe^  emei-ir^m  hei^j  eei 

koope  A  and  B, 


StAgM  when  meMured. 


£ns 


section  ^  «(mI  tu6«. 


Prepared  for  Application  of  oast-iron  body 

Witn  oast-iron  body  applied 

Prepared  for  application  of  A  hoop 

Witn  A  hoop  applied 

Prepared  for  application  of  B  hoop. 

Witn  oast-iron  Dodv  and  A  and  B  hoops  applied 
After  removal  of  is  hoop 
After  removal  of  A  hoop 
After  remoTal  of  oast-iron  body 

Totals 

Permanent  oompreesioii 


Steel  tube 
Cast-iron  body 
Hoop  Ax 
HoopBdB 


*  There  was  virtaally  no  chanf^  in  length  that  oonld  be  detaeted  1^  MeMorMMBk 
obnervation  and  the  removal  of  anavoidable  bars  fh>m  the  ed|cea  near  the  potota  of 
sufficient  to  account  for  all  the  variations  noted  in  the  table. 
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ASSEMBLAGE  OF  COMPOUND  CLTINDEB — SECTION  OF  HOOPBD  AND 
TUBED  12-INCH  CAST-IBON  BIFLE  OVER  CHAMBER — COMPARISON  0? 
MEASUBED  CHANGES  OF  DIMENSIONS  WITH  THEORETICAL. 


Original  dimennonM  ofdementarif  eyUndenfor  rrferenee. 


Cylinders. 

DiAineten. 

! 

LengtlMb 

Interior. 

Bxterior. 

Tnbe 

13.6006 

2a  00685 
89.2654 
45.9767 
53.6068 

9.406 
9.49075 
&990      j 
9.000 

1  CMt-ironbody 

Ahoop 

1  Bhoop 

10.9008 
88.2007 
45.9000 

Valuet  of  ike  actual  9hrimkaffe  emptoged. 


1 
1 

1                                                                                               • 

!      Inches. 

1 

Thonssadths 
linear  noli. 

1 

^  CssMron  body 

A  hoop 

a00605 
a  0647 

a802S 

I.SSASI 

B  hoop  

a  0707            1-  niM  1 

— •      .avuf*     ............... 

Table  of  ckangte  from  original  ^meneiome. 


Stages  of  construction. 
Messorsments. 


1 

1 

I 

H 


Fkrtt  t(ag0—A»§0nMag€  nf  jaektL 


arements  of  diameters :  '   tru^      IndL 

Boreof  tabe '-.00242 -.0096 

Exterior  of  tube '-.00202 -.0025 

Interior  of  jacket +.  00408 +.  0058 

Bxterior  of  Jacket +.00241  +.0086 


n 

-0.1798 

-a  10116  -0.125 
+0.»184  '+01290 
+0.06151   +0.00148 


Steond  tHag^-^AntrMagt  tif  A  Kotup. 


I 


Measarements  of  diameters :  ! 

Boreoftabe  -.00074 -.OlOB  -0.7215 

Exterior  of  tabe '-.  00814 -.  00805 -0. 40728 

Interior  of  Jacket '-.  00200 -.  002  -0.10478 

Exterior  of  Jacket -.00494-.005  -0.12006 

Interior  of  A  hoop +.05735 +.0561  +1.46294 

Exterior  of  A  hoop +.  05178 +.  0508  +1.1281 

TkArd  OnoJ)  fta^s— AM«m6Ia9«  tif  ' 

Measarements  of  diameters :  i 

Boreoftabe '-.0166  — 0178  —1.2441 

Exterior  of  tnbe -.  01404 -.  01635 -0. 7023251 

Interior  of  Jacket -.008    i-.OI08    -0.89088 

Exterior  ofjacket -.  01208 -.  0145   -0.80684 

Interior  of  A  hoop +. 05026 '+. 0466   +1.28215 

Exterior  of  A  hoop +.04448+.0416   +01 

Interior  of  B  hoop +.0604    +.0680   +1.5119 

Exterior  of  B  hoop +.0627   +.0606   +L  1675 

1 


-0.8000 
-0.4025 
-OllOOO 
-0112756 

+i.ai2 

+1. 00801 


-1.8185 
-0.8175 
-0.515 

-0.; 

+1. 
+01  i 
+1.4815 
+L 


*  Thonsandths  per  linear  antt. 

Kon.— The  theoretical  ohanjces  of  dimensions  are  oompntad  fhmitbeTaliiMof  aetaal 

Soyed,  as  ffiren  above,  with  the  following  valoes  for  eonstants    tIb;  Kt^OLTI^  R* 
1=  22.95,  &i  =  26.85,  E«  =  14333..  Ei  =  8000.,  B«=  St  sl29ll. 
!V.  B.— The  two  oolamns  at  right  o#^age  giro  theoretical  ohangaHbr  Ki 


•^  .A  ^    .  L. 


.  HoBBs,  Or&mancb  Department. 


(I  plate.) 


II  By  Lib 

MlDVALE  STEBL  W0KK«, 
Philadelphia,  Pa.,  July  24,  1885. 
Ihe  Chikf  of  Obdnanoe^.  S.  A., 

Waahingtonf  D.  C.  ■' 

Sir:  I  have  the  honor  to  report  that,  in  compliance  with  your  in- 
stmctiooH  and  authority  of  July  8,  I  have  inmie  an  esperiment  to  de- 
teriuiQe  the  effect  of  pouring  molten  cast  iron  about  a  piece  of  oil-tem- 
pered Bteel. 

The  metal  selected  was  from  the  muzzle  end  of  tube  No.  \5  for  S-ineb 
converted  rifles,  which  had  been  rejected  ou  account  of  poor  tests  from 
the  breech  end,  a  jiiece  15  inches  long  being  cut  from  the  muzzle  end 
for  the  purpose.  A  lii>bt  Bnishiug  cut,  about  2  inches  in  length,  was 
taken  on  the  bore  of  this  piece,  at  the  end  from  which  test  specimena 
had  been  taken. 

As  no  accurate  calipers  for  making  fine  measurements  were  at  hand, 
a  gauge  rod  was  made  to  accurately  tit  this  finished  bore,  measurements 
being  taken  at  two  scored  diameters  at  right  angles  toeach other.  As 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  heat- 
ing of  the  molten  cast  iron  should  be  at  least  .02  inch  on  the  diameter, 
another  gaage  rod  wa«  made  .02  inch  longer  than  the  first  one,  to  be 
ased  to  determine  when  the  piece  of  tube  with  the  molten  cast  iron  about 
it  had  expanded  that  amount. 

The  weight  of  cast  iron  to  be  used  vas  determined  from  a  considera- 
tion of  the  specific  heats  of  the  two  metals,  the  weight  of  the  piece  of 
tabe,  and  the  melting  point  of  cast  iron,  with  a  view  to  obtaining  a  tem- 
perature of  not  over  600*^  Fahrenheit  in  the  steel,  under  the  supposi- 
tion that  the  two  metals  could  be  intimately  mixed.  Of  course  the 
supposition  was  not  strictly  correct,  as  there  was  only  contact  of  the 
two  metals,  and  the  surface  of  contact  in  the  steel  was  liable  to  be 
heated  to  a  much  higher  temperature  than  600°;  but  it  was  hoped  by 
removing  the  cast  iron  as  soou  as  possible  that  the  steel  would  not  be 
raised  to  an  excessively  high  temperature,  and  it  was  deemed  best  to 
make  a  calculation  under  a  supposition  that  would  give  a  definite  em- 
pirical rule  that  could  be  followed  in  any  subsequent  similar  heating 
operation. 
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The  amoant  of  cast  iron  required  was  found  to  be  about  120  pounds, 
giving  a  thickness  of  aboui  .8inch  of  metal  about  the  piece  of  tube. 

The  piece  of  tube  was  placed  with  its  axis  vertical  in  a  greeu-sand 
mold,  and  was  sunk  about  one  inch  in  the  lower  flask  of  the  mold  to 
prevent  the  molten  metal  from  running  under  the  bottom,  aud  so  np 
into  the  bore.  Two  flat  bars  of  steel,  .25-inch  thick,  were  placed  verti- 
cally in  the  mold,  in  the  space  to  be  filled  with  cast  iron,  and  opiiosite 
to  each  other,  to  facilitate  stripping  when  the  desired  expansion  bad 
been  obtained,  the  runner  being  separated  into  two  branches  at  the 
bottom,  so  that  the  metal  could  enter  on  either  side  of  one  of  the  flat 
bars. 

To  provide  for  the  filling  of  the  mold  exactly  to  the  top  of  the  piece 
of  tube  and  no  higher,  an  overflow  for  the  metal  was  cut  in  the  mold,  its 
bottom  being  on  a  level  with  the  top  of  the  piece  of  tube;  and  to  further 
guard  against  any  metal  running  over  the  top  of  the  tube,  clay  was 
placed  around  the  outside  edge  of  the  top  end.  After  the  piece  of  tube 
had  been  set  in  the  mold,  and  everything  was  in  readiness  for  pouring 
the  cast  iron,  a  final  measurement  with  the  gauge-rod  was  made  at  the 
scored  diameters  to  determine  that  the  measurements  previously  taken 
were  correct. 

The  cast  iron  was  melted  in  crucibles,  drawn  as  soon  as  melted, 
poured  into  a  hand  ladle,  carried  to  the  mold,  and  allowed  to  stand  for 
a  few  moments,  so  that  it  was  quite  as  cold  as  it  oould  have  well  been 
poured.  The  mold  was  filled  in  one-half  minute.  As  soon  as  the  mold 
was  full,  and  as  rapidly  as  possible  thereafter,  measurements  were 
taken  with  the  gauge-rod  .02  inch  longer  than  the  original  diameter, 
the  measurements  alternating  on  the  scored  diameters.  There  was  no 
apparent  expansion  until  the  heat  had  progressed  through  the  wall  of 
the  tube,  when  expansion  took  place  very  suddenly  and  sofficienily. 
Verifying  insertions  of  the  longer  gauge-rod  were  immediately  made  on 
each  scored  diameter,  the  flask  lifteil,  and  the  oast  iron  stripped  from 
the  tube.  The  expansion  did  not  take  place  until  two  minutes  after  die 
mold  was  full.  The  piece  of  tube  was  entirely  firee  flnom  the  hot  cast 
iron  in  one  and  a  half  minutes  after  the  expansion  took  place.  The  call 
iron  had  solidified.  The  metal  of  the  tube  showed  a  black  red  color, 
an  observation  being  taken  as  soon  as  possible;  but  this  color  may 
have  been  only  apparent,  and  due  to  the  reflection  firom  the  hot  call 
iron. 

The  tube  was  allowed  to  cool  in  the  open  air,  and  more  carefbl  meas- 
urements with  the  longer  gauge-rod  than  could  be  taken  over  the  hot 
cast  iron  were  made  at  this  time.  It  was  found  that  the  longer  gaage- 
rod  had  a  play  of  about  one  inch  in  the  bore — t.  e.,  it  could  be  moved  bMk 
and  forth  that  distance-— so  that  the  expansion  was  a  little  more  than 
.02  inch. 

Measurements  taken  25  minutes  after  the  tube  was  free  firom  the  caet 
iron  showed  that  the  tube  had  not  up  to  that  time  contracted  appreciably. 
The  metal  was  poured  late  one  evening,  and  the  tube  was  allowed  to 
stand  over  night.  Measurements  on  the  scored  diameters  taken  the  fol* 
lowing  morning,  about  13  hours  after  the  pouring,  with  the  primitiTe 
gauge-rod,  showed  that  the  tube  had,  as  nearly  as  could  be  determined, 
contracted  to  its  original  diameter. 

Four  specimens  were  then  cut  from  this  end  of  the  tube,  their  axis 
being  about  1.5  inch  from  the  end,  i.  e.y  from  thetopof  the  pieceof  tubeas 
it  stood  in  the  mold.  The  tests  of  these  specimens  have  shown  that  the 
physical  qualities  of  the  metal  were  not  changed  by  the  operation.    The 
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sammary  of  resalts  of  tests  of  specimens  before  and  after  the  pouring  is 
as  follows : 

BEFORE  HEATINa 


Petition  of  tikecimen. 


MTiI 

MT.O 

MTsM 


Elastic 
limit. 

ElMtio 
elongation. 

Tensile 
strength. 

Elonffation 

after 
mptare. 

46,000 
43,000 
40.000 

.001407 
.001400 
.001333 

81,320 
81,240 
78,160 

19 

26.38 

23.33 

Contraction 
of  area. 


49.7 
52.2 
54.6 


APTER  HEATING. 


ICT4I. 
MTiO. 
MTcO 
MTrM 


45,000 

.001267 

78,480 

21 

43.000 

.001300 

80,240 

24.33 

40,000 

.001333 

77,600 

19 

43.000 

.001367 

82,360 

2L38 

54.6 
44.6 
52.2 
47.2 


In  condacting*  a  similar  heating  operation  on  a  large  scale  special  ar- 
rangements wonld  nndonbtedly  have  to  be  made  for  stripping  off  the 
cast  iron  immediately,  the  very  instant  the  expansion  desired  had  been 
obtained. 

I  believe  that  in  this  case  the  metal  could  have  been  allowed  to  remain 
in  contact  with  the  heated  cast  iron  for  a  considerably  longer  time  with- 
out any  very  great  amount  of  bad  effect  on  the  tube  metal ;  but  of  course 
sufficient  expansion  having  been  obtained,  and  nothing  more  being  de- 
sired, the  sooner  the  cast  iron  is  stripped  off  the  better.  The  tube  metal 
seemed  to  hold  its  heat  and  remain  expanded  a  sufficiently  long  tipie 
for  any  desired  mechanical  operation. 

Very  respectfully,  your  obedient  servant, 

F.  B.  HOBBS, 

Lietit  of  Ordnance, 
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MBPORT  Oy  EXPERlMEyrs  TO  DBTF.SUI!fB  WHETHER  TBEQUALtTTOF 
TSVPBIiBD  STEEL  IS  tyJUnED  Br  BEINO  SUBJECTED  TO  rsur  aiHB 
FUBSACE  BEAT  FOE  A  SHORT  TIME. 


BtLikut.  RoaKRs  BiRNiK,  Jr.,  OitDHjUfca  Dbpirthknt. 
(3  plates.) 


I  West  Point  Foukdrt, 

Gold  Spring,  N'.  T.,  September  15, 1885. 
Chiep  op  Ordnance,  U.  a.  A., 
Washington,  D.  0. : 

General  :  In  complinnre  with  your  iastructinns  dated  July  30,  1885, 
I  have  tlie  honor  to  submit  the  following  report  of  experiments  mnile  "  to 
determine  ttie  question  whether  the  quality  of  tempered  at«el  is  injured 
by  snbjectinR  the  metal  to  a  very  biKh  furnace  heat  for  a  brief  period," 

The  scope  of  the  experiments  was  extended  to  include  the  removal  by 
the  same  heat  of  a  tempered-slt^I  cylinder  (or  hoop)  from  an  interior 
cylinder  upon  which  it  had  been  assembled  with  a  shrinkage  approxi- 
mately suited  to  the  usages  of  gun-couHtruction,  and  from  the  steel  thus 
treated  specimens  have  been  taken  from  various  (lusitions  to  determine 
its  dual  qualities,  for  the  purpose  of  comparison  with  the  qualities  of 
the  original  metal. 

The  steel  used  was  a  remnant  of  a  cylinder  supplied  by  Sir  J.  Whil>- 
worth  &  Co.,  for  experimental  purposes).  Oue  pi)rtion  of  tliis  cylinder 
had  been  cut  oET  to  test  the  original  qualities  of  the  metal.  Aiiother 
portion  was  used  in  constructing  the  experimental  section  of  the  8  inch 
breech  loailing  gun,  and  was  tested  subsequent  to  such  use.  (See  Kot«a 
on  the  Coustruction  ofOrdnance,  No.  32.)  This  gives  au  opportunity  to 
JDstilnte  an  interesting  compari.soii  of  tbe  qualities  of  the  same  metal 
Doder  three  conditions:  1st,  its  original  state;  2d,  following  its  use  as 
an  intermediate  cylinder  of  a  gun-sect iou  and  removal  thert^from  without 
beat;  and  3il,  following  it!:<  use  as  the  outer  oue  of  two  cylinders  shrunk 
together  and  subsequent  removal  by  the  application  of  a  very  high  fur- 
iiace-heat.  The  parts  of  the  original  steel  cyiinner  as  used  and  the  posi- 
tions ol  the  various  teat  specimens  are  indicated  in  Plate  I.  Pitlimiuary 
to  shrinkage  the  steel  cylinder  was  carefully  bored  and  finished  square  at 
the  ends.  The  exterior  surface  was  not  disturbe^l ;  it  was  already  rough* 
turned  approximately  true  when  received.  An  old  coiled  wrought  iron 
tube,  found  at  the  works,  was  used  for  the  inner  cylinder.  The  breech 
end  of  this  was  prepared  to  receive  the  steet  cylinder  and  turned  to  give 
a  shrinkage  of  O.UlO  of  an  inch  on  the  diameter  of  HO  inches.  The 
cyliutler  is  shown  in  place  in  tiie  sketch,  Plato  11.  The  thickness  of  the 
wall  of  steel  is  4  inches  nearly,  and  that  of  the  wrought-irou  tube  3 
L  461'5  ORD ^21  3iiL 
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inches,  being  the  same  proportions  as  for  similar  parts  of  the  experi- 
mental 8-ineh  steel  gun  (doable  hooped).  The  stated  shrinkage  is  a 
little  greater  than  the  greatest  shrinkage  applied  in  the  length  of  the 
jacket  of  that  gnu  on  the  tnbe.  Measurements  were  made  of  a  namber 
of  original  diameters  and  lengths  of  the  cylinders  before  its  assemblagei 
to  compare  with  similar  measurements  to  be  made  atter  its  remo^nl  id 
order  to  determine  the  deformation  under  intermediate  operations. 

The  cylinder  was  heated  for  the  assemblage  in  a  furnace  recently  con- 
structed at  this  foundry  for  this  class  of  work,  in  which  the  metal 
is  heated  by  hot  air  alone.  The  tire  was  lighted  at  8:15  a.  m.  At  11  a.  n. 
the  cylinder  was  ))ut  in.  After  one  hour  and  thirty  minutes  the  interior 
diameter  was  found  to  have  expanded  0.025  of  an  inch;  thirty  minatei 
later  the  expansion  reached  0.035  of  an  inch,  and  ten  minutes  later  O.CBT 
of  an  inch.  It  was  then  removeil  and  placed  upon  the  tube.  In  this  opc^ 
ation  the  tube  was  laid  on  ti*estles  in  a  horizontal  position.  The  heated 
cylinder  was  encircled  by  a  band  with  a  loop  at  top.  It  was  lifted  by  a 
crane,  swung  around  to  the  tube,  and  guided  to  place  by  hand.  Tha 
clearance  in  the  assemblage  was  a  little  less  than  0.03  of  an  inch  on  tha 
diameter.  The  temperature  of  the  steel,  judged  by  its  expansion,  which 
was  even  throughout,  was  485^  Fahrenheit  nearly.*  Incidentally  ai 
opportunity  was  here  afforded  to  test  the  practicability  of  making  a 
close  joint  between  gun  hoo])s  of  the  same  row  by  simple  means.  Aa 
soon  as  the  cylinder  was  in  place  it  was  drawn  close  ag'ainst  the  shoalte 
on  the  tube  by  means  of  a  cross-piece  placed  against  the  outer  end  and 
operated  by  a  nut  working  on  a  ro<l  passed  through  the  bore  of  the  tabfl^ 
The  extremity  of  the  cylinder  next  the  shoulder  was  cooled  with  a  » 
cular  sprinkler  throwing  jets  of  water  for  fllteen  minutes.  Afterwaida 
the  whole  of  the  cylinder  was  cooled  to  make  an  even  temperatma 
The  joint  thus  obt«iined  was  as  close  as  could  be  desire<I. 

Eighteen  days  afterwards  the  cylinder  was  removed  from  shrinkage I9 
exposing  its  outer  surface  in  a  furnace  already  white  hot.  During  iha 
operation  the  blast  was  directed  above  the  cylinder  and  prevented  fkoa 
direct  impact  by  solid  brick  walls  on  either  side  raised  from  the  floor  af. 
the  furnace  to  a  sutlicient  height.  A  sketch  of  the  apparatus  uaedii" 
connection  with  the  furnace  heat  in  effecting  the  removal  is  shown,  ^att 
II.  Bolted  to  the  muzzle  face  of  the  steel  cylinder  are  two  thin  caal- 
iron  cylinders,  which  together  extend  back  Sh  feet,  and  are  there  qob- 
nected  with  a  large  nut  working  on  a  thread  cut  upon  the  tube.  Oneaf 
these  cylinders  has  tianges,  and  the  frame- work  of  wood  behind  tiian 
flanges  held  this  outer  portion  of  the  fixture  when  the  tnbe  was  puDal 
out.  The  oi)enings  A  and  A'  (thi-ee  in  number  at  each  place)  wereM 
for  the  insertion  of  a  hose  with  which  to  throw  water  on  the  outside af 
the  tube,  and  prevent  the  portion  near  the  steel  cylinder  from  becoodag  < 
heated.  However,  very  little  water  was  used  in  this  way,  and  it  is  piak 
able  that  the  open  air  space  alone  prevented  any  considerable  ^i»«m^ 
of  the  outside  heat  from  reaching  the  part  of  the  tube  named. 

Bolted  to  the  breech  end  of  the  tube  is  another  cast-iron  i^Undari 
turned  somewhat  smaller  on  the  outside  than  the  interior  of  the  aMi 
cylinder,  and  the  latter  rested  upon  this  '^  neck ''when  the  tnbe  «aa 
withdrawn.  The  rod  B  screwed  into  the  base  was  used  as  one  of  tta 
sup])orts  of  the  apparatus  in  place ;  elsewhere,  the  weight  was  819- 
ported  towards  the  rear  near  the  center  of  gravity,  firom  a  erane,  if 
means  of  which  the  whole  was  put  into  the  furnace.     The  interior  ai 

""A  mercurial  thermometer  was  attached  at  the  top  of  the  furnace  to  indiemto  Um 
peratiire  of  the  hot-air  chamber,  but  was  fonnd  unreliable.    The  highest 
indicated  by  it  daring  this  operation  was  440^  Fahrenheit. 
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the  neck  opens  into  the  bore  of  the  tube  through  which  a  copious  sup- 
ply of  cold  water  was  run  during  the  operation.  The  cylinder  connected 
as  shown  in  the  sketch,  was  turned  from  time  to  time  whilst  under 
heat  by  hand  power  applied  to  the  clamp  near  the  muzzle  end  of  the 
tube.  The  arrangement  of  water-pipes  enabled  this  to  be  done  without 
twisting  the  hose.  When  it  was  desired  to  turn  the  tube  alone  a  hand- 
spike was  placed  in  one  of  the  sockets  shown  in  the  periphery  of  the 
nut  and  rested  on  the  ground. 

The  steel  cylinder  was  introduced  after  the  furnace  had  been  raised 
to  a  white  heat.    The  following  gives  a  record  of  the  operations  at  the 

furnace : 

P.M. 

Cylihder  placed  in  furnace 6.22 

Blast  of  furnace  turned  on 6.24 

Cylinder  turned  partly  around 5. 25 

Cylinder  turned  all  around b.2S 

Attempt  made  to  unscrew  tube •. 5. 29 

Cylinder  turned  all  around 6.30 

Attempt  made  to  unscrew  tube 5. 32 

Tube  started  and  unscrewed  two  turus •. .  -' 5. 36 

Nut  detached  by  removing  bolts 6. 37 

Tackle  attached  to  muzzle  end  of  tube 6.38 

Tube  (with  nut)  pulled  out  of  cylinder 6. 40 

Whole  apparatus  removed  from  furnace 6. 42 

The  whole  time  occupied  was  twenty  minutes.  The  cylinder  was  ex- 
panded so  that  the  tube  could  be  turned  and  the  cylinder  started  by 
the  aid  of  the  screw-thread  in  thirteen  minutes.  In  five  minutes  after- 
wards the  cylinder  was  entirely  detached  from  the  tube.  After  arrang- 
ing it  a  constant  strain  was  kept  on  the  tackle  attached  to  the  muzzle- 
end  of  the  tube,  and  heavy  blows  were  struck  with  a  sledge  against  the 
base  at  the  rear  side  of  the  furnace.  On  removal  from  the  furnace  por- 
tions of  The  steel  cylinder  toward  the  breech  end,  which  remained  longest 
in  the  furnace,  showed  a  low  red  heat.  It  was  judged  that  the  maximum 
temperature  of  the  metal  approached  1,000  degrees  Fahrenheit,  but  that 
this  degree  of  heat  was  confined  to  the  outer  surface  of  the  cylinder  was 
apparent  from  the  fact  that  the  redness  disappeared  almost  immediately. 
After  this  the  cylinder  was  left  to  cool  in  air,  in  a  position,  however, 
which  undoubtedly  afi^'ected  its  final  shape.  It  remained  in  a  horizontal 
position,  attached  at  the  muzzle  face  by  the  bolts  shown  in  the  sketch, 
while  its  breech  end  rested  partly  upon  the  '*  neck  "  provided  to  sustain 
it.  In  the  record  of  measurements  to  follow,  the  bolted  end  is  desig- 
nated the  ^^  top."  In  the  final  measurements  it  was  found  that  the  coni- 
calness  increased  toward  the  bottom  or  the  end  which  was  inadequately 
supported ;  also  that  the  greatest  interior  diameters  corresponded  to 
those  measured  vertically  in  the  stated  position  of  the  cylinder  while 
cooling.  I  am,  therefore,  not  disposed  to  attach  great  weight  to  the 
distortion  gf  the  bore  as  finally  measured.  To  have  determined  this 
justly  the  cylinder  should  have  been  placed  on  end  on  level  ground,  or 
on  its  side,  and  rolled  over  from  time  to  time  while  cooling,  preferably 
tiie  former,  for  so  short  a  cylinder  as  this. 

The  cylinder  was  dismounted  on  the  third  day  and  finally  measured 
about  66  hours  after  the  heating. 
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BEOOBD  OF  MSASUBSMBNTS. 


Table  l.—Imtenor  of  the  ttoel  egUmdor, 


J 

h 

DiAineton  ftfter  i«iB0TaL 

tntlBAto  eontnM 
dlUMfeua 

i 

Hori. 
■onUL 

Vertl. 

0*1. 

IffMn. 

Hori* 
lonUL 

Vertl. 

ICeu. 

Hon* 
■mUL 

Vertl- 
eaL 

^ 

0.15 
8.5 

f.O 
10.5 
U.5 

Inehs9. 

14w001 
.0005 
.000 
.0007 
.001 

14.081* 
.0005 
.000 
.0007 
.001 

^  VW^8W« 

14.001 
.0005 
.000 
.0007 
.001 

Inekst.    Inehe§. 

14.008    :  14.000 

13.998       13.9995 

.9945        .9005 

.095          .9885 

.9985        .801 

14.001 
18.8888 

.8025 
.8018 
.8047 

+0.001 
— 8i0085 
-0L0055 
—0.0057 
—4.0085 

JflMfc. 

+8L081 
-81 081 
—0.0089 

-4li8i 

8L8I8 

8l88» 

818811 

MMa 

14^0008  1  14w0008 

14.0008 

13.0978     18.8089  1  18.8058 

-0.088 

-t.8087 

8L88M 

Mean  ecoentridty.j  J Jf^'*^^-^ ;;;;;;;;;;;; ;;;;;;;;;;;  J^ 


Cnicalness,  \  f'^ »1 


i  after  removal Ql 


aoM 


The  above  measurements  were  made  upon  diameters  marked 

tiie  shrinkage.    In  the  following  the  series  of  vertical  diametora 

8{>ond  to  the  position  of  a  vertical  plane  throagh  the  axis  of  the  pjB^ 
der  while  cooling. 

Table  II. — Imierior  ofeylindor  i^/ter  rom&vdL 


JMftlBOtMlli 

DUtanoe  flrom  top. 

M-. 

VMMli  .'^ 

0."15 

3."^ 

7."0 

10.  "5 

18.  "5 

•ss?^ 

VflrtloM 

Inek§9. 
14.U035 
13.0070 

Inehet. 
14.000 
13.9005 

InekM. 

13.0075 
13.987 

18.807 
18.8685 

14.000* 
18.888 

18.8088 
18.8088 

1 

Heiiamtal 

Sa 

■^ 

DifforonoM. .......  -r 

0.0085 

0.0005 

0.0105 

0.0105 

8.818 

8L8088 

•■ 

From  which  it  is  seen  that  the  average  contraction  of  the 
in  the  horizontal  direction  (referring  to  position  while  oooliDg) 
times  greater  than  in  the  vertical  direction.    This  shows  that  the 
mate  eccentricity,  at  least  of  thecylinder,  was  largely  inflaeneei 
the  position  while  cooling,  and  an  unfortanate  doubt  restaapon  the 
liability  of  the  whole  series  of  final  measurements,  as  iadicaCinythei 
formation  of  the  bore  due  to  the  applied  heat  alone.    The  mesa 
tractions  (Table  I)  are  least  in  doubt,  yet  it  is  scarcely  probable 
their  inequalities,  in  the  direction  of  the  length,  indicate  proi 
inequalities  of  heat.    However,  we  note  that  the  mean  coDtraotioa 
the  circle  of  greatest  contraction  was  0.0089  of  an  inch,  and  that  di 
average  contraction  for  the  cylinder  was  0.0048  of  an  inch. 
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Table  III. — Lengths  of  cylinder. 


ORIGINAL. 


Distance 
from 
edge. 

Diameters. 

Averaite 

No.L 

No.  2. 

No.  3. 

No.  4. 

Mean. 

okftBice. 

1 

Outer 

Inch, 
0.25 
0.50 

Inehea. 
13. 703 
.7075 

Inehsi. 
13.703 
.706 

InehM. 
13.7045 
.7075 

Inehst. 
18.706 
.708 

Jnehei. 

18. 7041 
.  7072 

^mmW^m 

Inner  .-.,,,^--.,,^ 

Ifeftnn.... 

13.7052 

13.7045 

13.706 

18.707 

18.7057 

AFTER  REMOVAL. 


Outer 

0.25 
0.50 

13. 702 
.7075 

13.700 
.7075 

13.704 
.708 

13  704 
.709 

13. 7025 
.7080 

— 0.0019 

Inner r T^.r^ 

+0.0008 

Means 

18.7048 

13. 7087 

13.706 

13.7065 

13.7058 

— Ol0004 

The  changes  in  length  are  small  and  nearly  within  probable  errors 
of  measurement,  especially  when  we  consider  the  handling  that  the  fin- 
ished faces  of  the  cylinder  received  in  the  interval  between  the  meas- 
urements ;  but  the  results  indicate  that  the  effect  of  the  heat,  which  was 
greatest  near  the  outside,  tended  to  contract  the  metal. 

MECHANICAL  TESTS  OF  SPECIMEN  BARS. 

The  records  of  tests  which  follow  give  a  comparison  of  tension  and 
compression  tests  of  the  metal  under  the  three  conditions  already  re- 
ferred to.  All  of  the  specimens  were  detached  from  the  cylinder  or 
part  cylinder,  as  indicated  in  Plate  I,  after  the  metal  had  received  the 
treatment  indicated.  The  original  specimen  ring  was  taken  from  near 
the  middle  length  of  the  cylinder  as  received.  Specimen  ring  0  was 
taken  from  the  middle  of  the  portion  used  for  the  experimental  sec- 
tion 8-inch  breech-loading  steel  rifle,  and  the  records  of  tests  herewith 
of  specimens  taken  from  those  rings  are  copied  from  Table  I,  notes 
on  the  Construction  of  Ordnance,  No.  32,  while  the  positions  of  the 
specimens  are  shown  in  Plate  I  of  that  note.  Specimen  rings  A  and  B 
were  taken  from  either  end  of  the  portion  of  thp  cylinder  subjected  to 
the  high  furnace  heat  from  the  former,  which  was  contiguous  to  the 
position  of  the  original  specimen  ring;  tests  by  both  tension  and  com- 
pression were  made  for  a  complete  comparison  with  the  original  quali- 
ties of  the  metal ;  from  the  latter  tension  tests  only  were  made  to  de- 
termine the  qualities  of  metal  in  this  portion  of  the  cylinder  where 
the  outside  was  observed  to  be  heated  to  a  dull  red  on  removal  from 
the  furnace. 
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Tension  teste. —  Wttitworth  steel  c^linier  (oil  tempered)  received  for  erperineNtel^w] 

length,  and  0.&  if 

OBIOINAL  qc 


MarkB  of  specimens. 


(Orifsioal  specimen  ring.) 
H.  tang,  outside,  3".0 


Z.  tang,  middle,  3".0. 


J.  tang,  inside,  y.O 


P.  radial,  2".0. 
B.  radial,  2f'.0. 


Means 


Bxtenaions  per  Inoh  of  length. 


0.0013  0.00135  I  0.00U  0.00145 

I 


a  0015  a  00165 


0.0011  UK 


Load  per  aqnare  tnoh  of  croaa  sectioa 


Lbt.       Lb§.    *  Lbs.       Lb». 


47,000  48,250  49,500 

45, 000  46, 500  :  48, 000 

I   •    .    ^ 

I      i 
40,000  !  42,500  ;  44,000 


42, 000  I  43, 500  4.\  000 
42,  500  ,  44.  OUO  .  45,  500 


44, 125  44, 950  I  40, 400 


51,500 
48,250 
45.500 
40,000 


Lbs,    I    Lbs.   •    Lbs.  ■  I 

53,000  I  54,500  .  &5,S0I    S^ 

I  1 

50,000     51,600     52,80t  .... 

I 
47,500     49.000     50,500    91 


47, 500  I  49, 000     60,000     51,000 


47, 950  j  49, 300  ,  60, 650     5LTfl   ... 


QUALITIES  AFTER  RBMOV^AL  (BY  CUTTI5G)  II 


(Specimen  ring  C.) 


Jp  tnns.  outside,  3".0 , 

Js.  tans;,  midijlo.  3".0 


I  I 

41.000     42.750  ;  45,000 
47.  (HH)     48.  500  !  50. 000 


40,600 

50.500 

Jt.  Un^.  iuRidc.  3".0 <  41,000     41.750  ;  43,000  \  45,600 

Moans  l43.0tK)     44.335     46,000 

Moan  liiSH  ])crccntage  of  original  -2.55        1*4    |      0.86 

qiialitioM.  I  ; 

Jloiui  izniu  prrcontago  of  originiil 

qualities. 


47.500 
0.94 


48.000 
51.000 
47.000 


48.665 

1.3 


48.500* 


48.  SOI.  1^ 


QUALITIES  AFTER  BEMOVAL  FBOM  8HBI5XA6I 


(Specimen  ring  A.) 

H.  RX.  tang,  outnide,  .3".0... 
I.  EX.  tani;.  middle.  3".0  ... 
J.  KX.  tang.  iuHide,  3".0 


42, 000  '  43. 500 
43. 320  44. 580 
38,  OUO     39.  500 


45.500  47,600 
40,000  ;  47,SS0 
41, 250  .  43, 126 


Means .» 

Mean  ItMs  percentage  of  original 

qualities. 
Moan  giiin  percentage  of  original 

qualities. 

(Specimen  ring  B.) 


H.  BXi.  tang,  outside.  3".0 
i.  KXi.tang.  inside.  3".0  .. 
H.  KXs.  tang,  outside,  3".0 


J.  RXs.  tang,  inside,  3".0 


Mean  ]**«%  percentage  of  original 

qualities. 
Mean  irniu  percentage  of  original 

qualities. 


I 


40,000 
48,000 
45^600 


41.105 
6.8 


42,  525  .  44. 250 


5.4 


4.6 


45.855 
4.S 


47,600 
8.7 


48,750 


47,280 


1 


Means  43.540 


43.750 
4.'),  000 
41,666 


43.750 


1.32 


4.'),  500 
46,500 
43,000 


45,500 


45,125 
0.38 


47,000 
48,000 
46,000 


47,000 


47,760 
49,260 
47.600 


47,000 
L29 


48.000 
60.000 

49.000 


n. 


411  ON 


81^ 


>••«' 


51 
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TIES  or  UBTAL. 
tii«rkedJ,,JfcJt] 


1 
1 

4 

5 
I 

1 

1 

it 

1 
1 
1 

1 

n 

0.0017  |o.001TS 

Bemarki. 

at. 
<a,a)0 

Lbl. 

G0,»0 

Lbl. 

00,80(1 

6!.  MO 

80,700 

63,000 
B1.000 

D.IKI18 
0.0018 

0.0017 

Lbl. 

m,m 
B3.jeo 

07,000 
100,  MO 

17.3 

Porcr. 
M.8 

30.4 

38.4 

3fl!4 

7.B001 

An«  80,  eOO  (tntchcd  rap- 
idly   and   load   CeU    !o 

trtly^and  'iSSd   reu"£ 

Ari^r50.700etre1cbednp- 
tdly    and   load    feU  U, 

SI.  DM 

08.000 

SI.  GOO 

a).B3 

'■■" 

3il+ 

7.8001 

20.37 

' 

TIEHmNTAI.  SECTION  8-lKCH  B.  L.  8TEKL  BIFLE. 
rked  J(,  Ji,  J*.] 


<».008 

Eftlooo 

JK? 

lis 

Ir 

?I.B1 

BI,000 

S3.S00 

"■r. 

O.O01flB 

H,M0 

20.  M 

20.03 

e.s 

,... 

APPLICATIOir  OF  A  VERT  HIGH  FURNACE  HEAT. 


M,000 

s.\ooo 

48.000 
17,000 

0.00173  lOS.  900 
0.0OIS  1  90. 0« 

10.  «T 

47!  2 

ter  pa«lni  rUatlo  limit 

(1,000 

Basw 

l.8« 

£0.38 

37. 0 

).  I 

a.  17 

..» 

14.5 

US 

RJS 

....J 

it!  07 

i2.33 

44.0 
34.8 

3S.2 

30.3 

wlooo  lo.MiBBSiDiiieo 

01,000  0.001033  03.040 

IS^-s 

18.07 

80.0 

1.30 

2.  St 

0.34 

a.  01 

1L4B 

328 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


CompresiUm  teats, — Whitvwtk  steel  evUnder  (oU-tempered)  reeekfid  fcr  empwimmfmlwm 

imekee  to  lemgtk,  mUOk 

OBIGINAI.  QUAU 


Hftrks  on  specimens. 


(Original  specimen  ring.) 


Compreuion  two  ptr  iasl 

\ 

1 

a  0013 

0.00135 

0.0014 

0.00145 

0.001S 

i.oiia 

Load  per  square  im6h.  of  cnw 

1 

L.,  tangential  OQtside,  5.0  inch ■  44.f00 

K.,  Untcential  inside,  5.0  inch 44,0U0 

H.,  radial  4.0  inch >  42,000 

N.,  radial,  4.0  inch 40,500 


Lbt. 

45.325 

40,000 

43,500 

42,500 


Means. 


42,625  I      44,^30 


ZAn. 

4<^000 
47.000 
45,500 
45,000 


45,875 


Lb§.     I    Xdc 

47,000  '  401,000 

4N000     5U.O0O 


Xli: 


47. 500 
4«,250 


47.190 


48,325 
47.000 


41^01 
47.MI 


48,680 


I 


QUALITIES  AFTER  RBMOYAL  (BY  CITTTINO)  TBOM 


(Specimen  ring  C.) 

C  Ji,  tsneential  outside,  5.0  inch. 
C  Jt,  tan^sential  outside,  5.0  inch. 
C  Ji,  tangential ontside,  5.0  inch. 


Means 

Mean  loss  percentage  of  orifdnal  qualities. . . 
Mean  gain  percentage  of  original  qualities. . . 


I 


46,000 
42. 0(K)  j 
37.860  ! 


48,000 
43.000 
89,285 


49,500 
44,000 
41,000 


41.955 
1.6 


43,430  I  44,865 
2.0    2.2 


51,000 
45,000 
42.500 


02,000 
461,000 
44^000 


47.  m 


46,106 
^17 


47,335 
^65 


4i^«l 


QUALITIES  APTBR  REMOTAL  FROM  SHRINKAOB  BT 


(Specimen  ring  A.) 

L.  KX.,  tangential  outside,  5.0  inch 
K.  EX.,  taneential  insidt*,  5.0  inch  . 

N.  EX..  radial,  3. 94  inch 

P.  KX.,  radial,  3. 94  inch    


43.333 
45,000 
42,500 
43,333 


Means !  43,541 

Mean  Iosh  percentage  of  original  qualities I 

Mean  gain  percentage  of  original  qualities i  2. 14 


45,000 
46,375 
43,750 
45.000 


46.666 
47.750 
45.000 
46.833 


45^031 

lm" 


46,662 
i'47"' 


48,833 
49,125 
46,250 
48,666 


48.008 

"ilii" 


50,600 
60,500 
47,800 
50,800 


49.750 
0.35*" 


4^7» 
3^M 


61,311 
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po9ea  at  We$t  Point  Foundry^  June  13, 1884.     Tangential  and  radial  8pe<dmen»  5  and  4 
egnare  inch  woeB'SeoiUm. 

TIBS  OF  MBTAL. 


of  length. 

4i 

f 

Per  inch  at  elaa- 
tic  limit. 

Ultimate 
strength. 

0.0016 

0.00165 

0.0017 

0. 00175 

Semarks. 

aeotion. 

Lb*. 

Lht. 

Lb». 

Lbi. 

Lbs. 
49,000 
59,000 
57,000 
54,000 

Inehet. 
0.0015 
0. 001775 
0.0018 
0. 001738 

Lbt. 

Kapid  deflection  at  50,000. 
Rnpid  deflectiun  at  60.000. 

52,650 

53,500 
52,500 
51,500 

55,000 
54.000 
53,000 

56.000 
56,250 

60,5(K) 

49,000 

Gays  saddenly  at  54,000. 

54.750 

0. 001702 

XXPERDCENTAL  SECTION  S-INCH  B.L.  STEEL  KIFLB. 


55,000 

56,000 
51,000 
49,000 

57.000 
52,000 
50,000 

67,000 
65.  COO 
58,000 

0.0017 
0.0U1825 
0. 00105 

88.760* 

87.840 

87,920 

60,000 
47,500 

53,500 
51,500 

60,835 

52,000 

53,000 

56,665 

0. 001825 

88,175 

8.5 

7.2 

>  Triple  flexoriB;  bent  180^  without 

>  fracture. 
Triple  flexure. 


APPLICATION  OF  A  VERT  HIGH  FURNACE  HEAT. 


58.000 
54.000 
60,000 


54,000 
55,000 
61.000 


55.000 
56,500 
52,000 


55.600 
58.000 
53,000 


57,000 
61,000 
53,000 
54,000 

56.250 

2.'73"' 


0. 00185 
0.  001H5 
0. 00175 
0.00160 

89,200 
102, 100 
101,600 
101, 600 

0. 001762 

08,625 

3.62 

Triple  flexure. 
I)o. 
Da 
Da 
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Iq  tbe  tension  and  compression  tests  from  original  specimen  ring  (sped- 
men  ring  A)  we  have  a  fair  exhibit  of  the  effect  of  the  high  fumaoe  heat 
ai>on  the  qaalities  of  the  metal.  Under  the  tension  tests  there  is  an  ap- 
preciable loss  of  elastic  strength,  but  there  is  a  gain  in  ultimate  strength 
and  ultimate  extension  and  a  greater  reduction  in  area  after  reptoni 
Underthe  compression  tests  there  is  again  throughout,  and  the  specimoii 
fitood  better  after  passing  the  elastic  limit.  It  must  be  remembered, 
moreover,  that  there  should  have  been  expected  a  certain  loss  of  elaetio 
strength  in  the  metal  under  tension  tests,  due  to  the  fact  that  the  cyl- 
inder was  in  an  intermediate  stage  subjected  to  shrinkage  upon  tta 
wrought-irou  tube.  The  tension  tests  from  specimen  ring  B  show  a  ray 
filight  variation  from  the  original  qualities,  but  rather  a  gain  than  * 
loss.  This  ring  being  remote  from  the  original  one  does  not  justify  a  di- 
rect comparison  of  the  results,  yet  these  specimens  were  taken  fromthi 
extremity  of  the  cylinder,  which  was  exposed  to  the  greatest  heat  of  the 
furnace,  and  where  tbe  surface  of  the  metal  was  heated  to  a  dull  red. 

In  regard  to  the  principal  object  of  the  experiment,  therefore,  it  mij 
be  stated  that  tbe  quality  of  tempered  Wbitworth  gun  steel  is  not 
seriously  injured  by  subjecting  tbe  metal  to  a  very  high  furnace  belt 
for  a  brief  period ;  or,  to  be  more  explicit,  the  quality  of  the  metal  in  thii 
case  was  not  injured  by  the  white  beat  of  a  furnace  applied  a  sufficient 
length  of  time  to  raise  tbe  outer  surface  of  the  metal  to  a  dull  red  heat 

On  tbe  other  band,  this  experiment  shows  that  it  cannot  be  expected 
to  preserve  tbe  original  dimensions  of  the  bore  of  the  cylinder  under  waA 
circumstances.  Tbe  deformation  of  the  bore  may  probably  be  rega* 
lated  to  a  certain  extent  by  tbe  position  of  tbe  cylinder  whilst  coolingf 
yet  a  considerable,  if  not  an  unequal,  amount  of  contraction  may  be  aa- 
ticipated  tbrougbout  tbe  bore.  In  eases,  therefore,  which  arise  in  piao- 
tiee,  where  it  is  desired  to  reassemble  the  cylinder  in  the  same  plaeo 
from  which  it  is  removed  from  shrinkage  by  the  application  of  a  high 
furnace  beat  (or  other  beat,  such  as  molten  cast  iron)  it  is  recommead- 
ed  that  tbe  cylinder  sliould  be  reassembled  at  the  same  heat,  or,  if  tUl 
is  not  ex])edient,  that  it  should  not  be  allowed  to  cool  until  such  aaaea- 
blage  is  made.  By  this  means  tbe  deformation  of  tbe  cylinder  will  be 
prevented,  and  in  tbe  final  shrinkage  tbe  heated  fibers  will  adjust thea- 
selves  (baving  lost  little,  if  any,  of  their  original  strength)  under  ths 
resistance  ottered  by  the  interior  body  upon  which  the  cylinder  ii 
shrunk.  In  all  eases  it  is  understood  that  the  heating  of  the  metal 
fibould  be  made  as  nearly  uniform  as  possible  throughout  the  cylinder. 
Very  respectfuUv, 

B.  BIRNIE,  Jb^ 
Ijieutenant  of  Ordnamee- 
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ANNUAL  REPORT  OF  CAPT.  D.  A.  LYLE,  INSPECTOR  OF  ORDNANCE  AT 
THE  SOUTH  BOSTON  IRON  WORKS,  BOSTON,  MASS.,  FOR  THE  YEAR 
ENDED  JUNE  30,  lb85. 

(1  plate.) 

The  Chief  op  Oednajjce,  U.  S.  Abmy, 

Washingtonj  2>.  C. : 

SiB:  I  have  the  honor  to  sabinit  the  following  report  apon  the  ox)er- 
ations  undertaken  for  the  Ordnance  Department,  IJ.  S.  A.,  by  the  Soath 
Boston  Iron  Works  daring  the  fiscal  year  ending  June  30,  1885. 

Daring  this  period  the  fabrications  given  in  the  subjoined  list  have 
been  undertaken  or  have  been  in  progress. 

List  of  fabricatione. 


Orders  or  contracts  for 
fabrication. 


Unfinished  at  beginning  of 
fiscal  year. 


Beceired  during  the  fiscal 
year  ending  June  30, 1885. 


Date  of  order 
or  contract. 


July  14, 
Sept.  10, 


1883 
1883 


Sept.  24,  1883 


Dec.  12, 
Apr.  2, 
Jane  30, 


1883 
1884 
1884 


Jane  30,  1884 


Jane  30, 
June  30, 
Apr.  22, 
Ang.  15, 

Ang.  26, 
Nov.  28, 

Deo.  1, 
Jan.  9, 
Jan.  20. 
Apr.  3, 
Mar.  17, 


1884 
1884) 
1885  5 
1884 

1884 
1884 

1884 
1885 
1885 
1885 
1885 


Fabrication. 


1.  Conversion  of  one  6.5-inch  Mann  B.  L.  R.  from  a  10-inoh 
Rodman  S.  B.  gun. 

2.  Conversion  of  one  8-inch  Yates  B.  L.  R.  from  a  10-inoh 
Rodman  S.  B.  gun. 

Cast-iron  bodies  for : 

3.  One  12-inch  M.  L.  mortar  hooped  with  steel. 

4.  One  10-inch  wire-wrapped  B.  li.  R. 

5.  One  12-inch  cast-iron  B.  L.  R. 

6.  One  12-inch  B.  L.  R.  hooped  and  tubed  with  st^el. 

7.  One  12-inch  B.  L.  R  witn  wire-wound  steel  tabe. 

8.  500  solid  shot  for  15-iuch  Rodman  S.  B.  guns. 

9.  Experimental  cylinder  for  12-inch  M.  L.  R  mortar. 

10.  Finishing  and  assembling  12-inch  M.  L.  R  mortar. 

11.  Finishing  and  assembling  12-inch  B.  L.  R  hooped  and 
tnbed  with  steel. 

12.  Finishing  and  assembling  12- inch  tubed  rifles. 

13.  Experimental  cylinder  for  12-inch  B.  L.  R  hooped  and 
tn1>ed  with  steel. 

14.  Test  specimens  from  experimental  cylinder  for  12- 
inch  mortar  after  unhooping. 

15.  Test  specimens  from  12  inch  cast-iron  B.  L.  R. 

16.  Wooden  model  for  12-inch  cast-iron  B.  L.  R.  for  obtain- 
ing center  of  gravity. 

17.  1,000  8-inch  Butler  chilled  shot. 

18.  Wooden  models  for  8  and  10  inch  B.  L.  R.,  steeL 

19.  50  8-inch  Butler  sabots  for  B.  L.  projectile!. 

20.  10  8-inch  Butler  chilled  shot. 

21.  4  8-incb  Winslow's  uitro-glycerine  shell  (for  Ordnance 
Board). 


Of  the  above  list  the  following  numbers  have  been  completed  and 
special  reports  already  made  to  the  Ordnance  Office,  viz:  Nos.  1, 2, 3, 4, 
5,  8,  9, 10, 13, 14,  15,  16, 17,  18,  19,  20,  and  21. 

The  unfinished  work  at  the  close  of  the  fiscal  year  comprises  Nos.  6^ 
7, 11,  and  12,  relating  to  the  12-inch  hooped  and  tubed,  and  to  the  12- 
inch  tubed  B.  L.  rifles. 
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Iq  addition  to  the  reports  noted  above,  Lient.  H.  D.  Bomp,  Ordnance 
Department,  U.  8.  A.,  assistant  inspector  of  ordnance,  has  made  and 
submitted  exhaustive  reports  upon  ^*  The  Use  of  Petrolenm  as  Fuel,"  and 
the  '^  Hotchkiss  Revolving  Cannon."  * 

• 

I.— 12.INCH  HOOPED  AND  TUBED  B.  L.  R. 

1.  The  cast-iron  body. 

The  body  is  ready  for  the  reception  of  the  steel  tnbe.  The  interior 
cavity  for  the  tube  is  counterbored  to  the  finished  size  and  the  screw- 
thread  at  the  breech  has  been  cut.  The  bore  in  front  of  the  tube  has 
been  reamed  up  to  a  diameter  of  11.95  inches,  or  0.05  inch  less  than 
the  finished  bore.  The  remaining  .05  inch  will  be  finished  simulta- 
neously with  the  bore  of  the  tube. 

Since  the  body  has  to  be  placed  muzzle  downward  in  a  pit  for  the  in- 
sertion of  the  steel  tube,  a  cylindrical  mass  has  been  left  on  the  muz- 
zle for  the  gun  to  rest  upon  in  the  pit  and  to  secure  a  larger  bearing-sur- 
fiBM^e  at  the  muzzle.  To  prevent  injury  to  the  exterior  surface  from  in- 
dentations or  any  accident  in  handling  during  the  tubing  operations  an 
excess  of  metal  has  been  left  upon  the  body,  as  follows: 

1. — Chase-diameter  0.9  greater  than  finish  size. 

2. — Shoulder  in  front  of  hooping  about  1  inch  too  long. 

3. — Hooping  surface,  diameter  0.6  inches  greater  than  finish  size. 

2.   Whitworth  steel  tube. 

This  tube  was  received  from  Sir  Joseph  Whitworth  &  Co.  February 
9, 1885.  It  has  been  bored  to  a  diameter  of  11.9  incbes  and  rough 
turned  to  within  0.5  inch  of  the  finished  diameter.  The  company  are 
awaiting  the  results  from  the  experimental  cylinder  and  the  determina- 
tion of  the  shrinkages,  in  order  to  proceed  with  the  finished  turning  of 
the  exterior  of  the  tube. 

3.  Midvale  steel  hoops. 

All  the  hoops,  except  two  not  yet  received^  from  Midvale,  are  bored 
and  faced,  and  are  ready  for  application. 

4.  Breech  mechanism. 

The  several  parts  composing  the  breech  fermature  are  completed,  ex- 
cept the  final  fitting  and  some  alterations  ordered  after  the  parts  were 
nearly  finished. 

n.— 12-INCH  B.  L.  RIFLE  WITH  WIRE- WRAPPED  STEEL  TUBE. 

1.  The  toire-tcound  steel  tube. 

*  The  tube  was  made  by  Sir  Joseph  Whitworth  &  Co.,  and  has  been 
sent  to  Watertown  Arsenal  to  be  wound  with  wire  and  prepared  for  in- 
sertion. 

2.  The  steel  breech  bushing. 

This  is  to  be  screwed  in  to  hold  the  steel  tube  in  place  and  to  pro- 
vide  a  seat  for  the  French  interrupted  screw  fermature.    It  has  teen 

mn  cth  •  tn  r  n  Arl . 
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3.  Breech  mechanism. 
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The  sevetal  parts  of  this  mechanism  are  nearly  completed  and  are 
Tud;  tat  floal  flttiD^. 

4.  The  catt-iron  l>ody. 

Two  eaatiugB,  breecli  down,  have  been  made  for  tbe  body,  both  of 
wbich  have  been  r^ected.  The  company  are  preparing  to  make  a  third 
eaitiug,  breech  np,  Uie  Chief  of  Ordnance  having  granted  permission 
to  employ  that  meUiod  for  this  casting. 

5.  First  easHng,  I2ineh  tvbed  B.  L.  riJU. 

'B»  first  attempt  to  cast  the  12-inch  tabed  rifle  vas  made  Jaly  9, 1884. 

(a)  FitntAet  ohargi*. 

[Blohmond  inra  iu*d.] 
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The qnantity  of  coal  used  in  melting  was  not  given  by  the  company, 
Imt  it  ie  presnmed  that  it  amonnted  to  about  45  or  60  tooH.  The  former 
^nuitity  was  reported  by  the  compauy  ns  Deed  in  melting  the  iron  for 
iittNcond  castiog,  which  contained  6,000  pounds  more  metal. 
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Iq  addition  to  the  reporta  noted  above,  Lieut.  H.  D.  Borap,  Ordnance 
Department,  U.  S.  A.,  assistant  inspector  of  ordnance,  has  made  and 
submitted  exhaustive  reports  upon  *^  The  Use  of  Petroleum  as  Fuel,'' and 
the  <^  Hotchkiss  Kevolving  Cannon."  * 

• 

I.— 12-INCH  HOOPED  AND  TUBED  B.  L.  R. 

1.  The  oast-iron  body. 

The  body  is  ready  for  the  reception  of  the  steel  tube.  The  interior 
cavity  for  the  tube  is  counterbored  to  the  finished  size  and  the  screw- 
thread  at  the  breech  has  been  cut.  The  bore  in  front  of  the  tube  has 
been  reamed  up  to  a  diameter  of  11.95  inches,  or  0.05  inch  less  than 
the  finished  bore.  The  remaining  .05  inch  will  be  finished  simulta- 
neously with  the  bore  of  the  tube. 

Since  the  body  has  to  be  placed  muzzle  downward  in  a  pit  for  the  in- 
sertion of  the  steel  tube,  a  cylindrical  mass  has  been  left  on  the  mux- 
zle  for  the  gun  to  rest  upon  in  the  pit  and  to  secure  a  larger  bearing-sur- 
face at  the  muzzle.  To  prevent  injury  to  the  exterior  surface  from  in- 
dentations or  any  accident  in  handling  during  the  tubing  operations  an 
excess  of  metal  has  been  left  upon  the  body,  as  follows: 

1. — Chase-diameter  0.9  greater  than  finish  size. 

2. — Shoulder  in  front  of  hooping  about  1  inch  too  long. 

3. — Hooping  surface,  diameter  0.6  inches  greater  than  finish  size. 

2.   Whiticorth  steel  tube. 

This  tube  was  received  from  Sir  Joseph  Whitworth  &  Co.  February 
9, 1885.  It  has  been  bored  to  a  diameter  of  11.9  inches  and  rough 
turned  to  within  0.5  inch  of  the  finished  diameter.  The  company  are 
awaiting  the  results  from  the  experimental  cylinder  and  the  determina- 
tion of  the  shrinkages,  in  order  to  proceed  with  the  finished  turning  of 
the  exterior  of  the  tube. 

3.  Midvale  steel  hoops. 

All  the  hoops,  except  two  not  yet  received^  from  Midvale,  are  bored 
and  faced,  and  are  ready  for  application. 

4.  Breech  mechanism. 

The  several  parts  composing  the  breech  fermatnre  are  completed,  ex* 
cept  the  final  fitting  and  some  alterations  ordered  after  the  parts  were 
nearly  finished. 

II.— 12-INCH  B.  L.  RIFLE  WITH  WIRE-WRAPPED  STEEL  TUBE. 

1.  The  toire-tcound  steel  tube. 

The  tube  was  made  by  Sir  Joseph  Whitworth  &  Co.,  and  has  been 
sent  to  Watertown  Arsenal  to  be  wound  with  wire  and  prepared  for  in* 
sertion. 

2.  The  steel  breech  bushing. 

This  is  to  be  screwed  in  to  hold  the  steel  tube  in  place  and  to  pfO> 
vide  a  seat  for  the  French  interrupted  screw  fermatnre.  It  has  been 
rough- turned. 
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3.  Breech  mechanism. 

Thd  several  parts  of  thia  mecbanism  are  nearly  oompleted  and  are 
ready  foi^  flnal  fitting. 

1.  Tha  cast-iron  body. 

Two  castings,  breech  down,  have  beeu  made  for  the  body,  both  of 
which  have  been  i^ected.  The  company  are  preparing  to  make  a  third 
casting,  breech  op,  the  Chief  of  Ordnance  having  granted  permissloa 
to  employ  that  method  for  this  casting. 

5.  First  easting,  12-inch  tvhed  B.  h.  rifle. 

The  first  attempt  to  cast  the  12-inch  tnbed  rifle  was  made  July  9, 1884. 

(a)  Rtmaae  ehargeM. 
[KobmoDd  lion  tuxd-I 
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qaantity  was  reported  by  the  company  as  atied  in  melting  the  iron  for 
the  second  casting,  wbicli  contained  6,000  pounds  more  metal. 
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6.  Loss  of  first  casting. 

Tbe  metal  was  all  poured  by  12.40  p.  m.  About  1.30  p.  m.  the  third 
section  of  tbe  flask,  estimating  from  the  bottom,  broke,  and  allowed  the 
molten  metal  to  escape  and  flow  around  the  lower  part  of  the  flask 
and  fill  the  bottom  of  the  pit.  In  its  downward  rush  the  swash  of  the 
metal  struck  the  mouth  of  one  of  the  air-flues  in  the  side  walls  of  the 
pit,  and  threw  a  jet  of  molten  metal  to  the  roof  of  the  foundry,  setting  it 
on  fire. 

The  fire  destroyed  the  roof  and  charred  the  rafters,  joists,  and  the 
wood  work  of  the  large  cranes.  The  damage  by  fire  was  luconsiderablei 
and  was  covered  by  insurance.  I  understood  at  the  time  thai  the  in- 
surance company  or  companies  repaired  the  damaged  buildings  them- 
selves without  expense  to  the  South  Boston  Iron  works.  On  July  26 
the  mass  had  cooled  down  sufiiciently  for  examination,  and  it  was  found 
that  the  third  section  from  the  bottom  had  been  ruptured.  On  July  30 
(see  my  letter  to  Chief  of  Onluance  bearing  that  date)  Mr.  Wood,  the 
foreman  in  the  onlnance  foundry,  reported  to  me  that  he  believed  the 
rupture  was  due  to  the  breaking  of  the  clamps  on  the  third  section, 
and  that  part  of  one-half  of  thinl  section  of  flask  ha^  broken  diagon- 
ally, due  to  the  pressure  of  the  iron.  Upon  inspection  his  opinion  ap- 
peared to  me  to  be  reasonable.  The  brdken  part  of  the  half  Beetion 
appeared  to  have  given  away  at  the  bottom  of  the  section  (third),  and 
been  bent  outwards,  rupturing  the  half  section  diagonally  and  per- 
mitting the  iron  to  escape.  This  portion  of  the  flask-section  was  found 
with  its  convex  side  turned  upward,  thus  indicating  that  it  had  given 
way  first  at  the  bottom.  The  clamps  were  probably  old — some  made 
of  cast  iron  and  some  of  wrought  iron.  • 

A  clamp  might  have  been  cracked  slightly  before  it  was  put  on,  and 
might  not  have  been  noticed  even  by  the  most  careful  workman.  As 
the  flask  held  for  one  and  a  half  hours, it  is  not  improbable  that  the  ex- 
pansion due  to  the  heat  may  have  had  something  to  do  with  the  break- 
ing or  slipping  otf  of  the  clamps,  if  that  was  the  cause  of  the  accident 

At  first  I  attributed  the  accident  to  weakness  of  the  fliask  and  the 
heivy  head  of  m  )Uen  mjtal,  bat  on  further  reflection  I  am  inclined  to 
the  opinion  that  one  or  m  )re  of  the  clamps  must  have  given  way.  I  am 
informed  that  the  b  eakin;:  of  clamps  had  occurred  in  former  years. 

>»'o  person  can  state  p»>sitively  the  exact  cause  of  the  disaster. 

The  company  informed  me  that  they  were  going  to  make  the  new 
sections,  to  replace  those  lost,  with  walls  3  inches  thick  instead  of  2| 
inches. 

Nearly  all  of  the  core-barrel  was  saved. 

The  jet  of  melted  metal  that  ignited  the  roof  knocked  off  the  hose 
that  supi)lied  the  core-barrel  with  water,  so  that  not  more  than  4,0W 
gallons  of  water  had  been  expended. 

The  molten  metal,  after  escaping  from  the  ruptured  section  into  the 
pit,  surrounded  the  lower  sections  of  the  flask,  and  melted  the  whole 
together  so  as  to  form  a  solid  mass  in  cooling. 

The  casting  formed  a  huj^  cheese-like  disk  in  the  Inittom  of  the  pit,  and  was  TVT 
difficult  to  remove.  It  was  al>out  10  feet  in  diameter,  7  or  8  feet  thick,  and  wdghei 
about  140  tons." 

The  time  between  July  2G  and  September  1  was  employed  by  Ae 

com])any  in  making  preparations  to  raise  the  mass  from  the  pit.    The 

— ^-^— ^  '       «-~^^-^— ^»— — ^— — ^^— »«»^^^^^^^»^»^»— ^— ^ 

*''  Catitiu}^  of  heavy  ^runH  at  South  Boston/'  by  Capt.  D.  A.  Lyle.  (See  "  Abatnil 
of  Proceedings  of  Society  of  Arts  of  Massachusetts  Institute  TeohDologyy*  18B4-1M^ 
p.  93. 
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;t  attempt  was  made  Se|)tember  4,  1884,  but  the  mass  was  not  clear 
tlie  pit  uutil  some  time  tluriug  the  weelt  ending  October  4, 1884. 


7.  Larravay'a  method  of  hingting  mats  from  pit, 

(Plate  I,) 

The  removal  of  ttiis  dibbs  from  thu  pit  wi 
a  vers  abla  niechaniuitl  eiigiiieur,  who  i>  aupei 

bBrre]  nkobinoiy  at  the  fuundry,  coDccived  ttia  iileaof  itp]>lying  ttae  pnmpn, 
of  biBb}d»ulLO  (>resBeB  tA  raise  it  frum  tba  pit.  To  du  tliiti  bo  aoniiruotod  two  uos 
fi«Bi«9,  (!>ch  coaaistinKof  a  ground  sill  luid  four  uprights,  with  a  tie-l)i>am  At  thn  top, 
ftti  of  heavy  limlier.  These  were  set  np  oue  on  i-nob  sida  of  fbopil.  Upon  these  side 
framoB  four  simple  wootlun  tniBies  were  placed,  each  cairjiu;;  llin-p  21-inoU  wrought- 
Iron  BuspenBion  rods.  Eaoh  truss  was  tru|>e£uidal  in  shape,  uuil  hiul  tvro  striita,  Ui- 
clioed  iu  opposite  diietstious,  to  support  the  middle  point  of  theupper  orooinpreuion 
member.  The  twelve  aDspeasiou  rods  were  coinponod  of  enougli  aoclionB  to  reach 
from  tlie  butMm  of  the  pit  to  the  top^  of  the  truaxes.  The  upper  seuliotis  of  each  rod 
liad  n  Borew-lbread  cut  on  their  Hurraces  for  about  twelve  feet  of  their  length.  Holes 
vere  drilled  iu  the  niuas  of  metal  aud  Borew-lmltB  inserted,  to  nbjuh  the  rods  wore 
made  fust. 
Throe  rods  on  eacli  aide  passed  up  through  the  Nido  IriixseB.  and  the  nuts  on  the 
"'"  enabled  the  workmen  to  follow  niMiml  iinlii  ai]\  lift  made  by  tlw  two  middle 
lea  and  their  rods,  which  did  the  huUiiriL;.  I  li<>  nuildli'  trusses  had  throe  stu- 
iiion  rods  eaeh,  made  fast  to  the  mass  iif  Ilimi  m  [ii>'  |,jt,  liiuI  were  raised  liodily  by 
"liatonsof  the  two  hydraulic  prussas  plii^pd  iiniiir-iiiiiiely  uudor  the  opposite  ouds 
e  trusses.  The  pressure  was  traDsiiiitird  IVuiu  the  pistons  to  the  triianes  by 
'       blocks  of  timber. 


IE"' 


8.  Second  casting  {12-inch  tubed  rijle). 


A  email  Baiter  engine  fuminhed  the  power  to  drive  the  steam-pump  that  forced  the 
water  into  tbe  hydraulic  presses.  When  the  middle  trusses  bad  been  raised  a  vertioal 
diatanoe  equal  to  the  stroke  of  the  piston,  tha  strain  was  thrown  on  tbo  side  trusaes 
and  their  it>ds,  the  middle  trusses  lowered,  thr  uulaon  their  rods  being  sure  wed  down 
at  the  same  timn  to  maintain  a  bearing.  A  tiew  bold  was  then  taken  and  the  aotioo 
r^teated  until  tlio  nass  waa  lifted  to  a  diatanae  oqual  to  the  length  of  one  sestion  of 
the  BUBpensinn  rods.  Oue  seotlou  ntalime  wanriimavod  oonBeeiitivel)'  from  each  rod. 
and  when  all  was  ready  the  lifting  was  repon.ted  in  the  same  manner  as  before,  uiitil 
the  mass  of  imit  was  hoisMcl  clear  of  the  pit.  It  maa  then  trajisported  on  rollers  to 
tbe  yard,  where  it  still  reuiaiuB.* 

Platti  1,  appended  to  this  report,  gives  a  side  and  end  olevation  of  the 
appiiratus  used  bj' Mr.  Larraway  in  raising  the  metal  from  the  first 
casting  from  the  bottom  of  the  pit,  aud  the  method  of  its  application. 

This  unwieldy  mass  contained  the  metal  from  throe  sections  of  the 
flask  aud  the  sand  of  the  mold,  bosldui^  tlie  metal  pej-tainiog  to  the  gun, 

tThe  second  casting  for  the  12-inch  tubed  B,  L,  Kifle  was  made  December 
i,  1884.  The  details  relating  to  I'lirDace  charges,  melting,  casting,  and 
le  cooling  table  are  appended,  marked  Table  I. 
This  casting  (weight  1U9.5  tons)  was  cooled  in  140  hours,  during  which 
me  31,121  cubic  feet  of  water  passed  through  the  core  barrel  and  gun. 
iror  the  12-inch  oast-irou  B.  L.  rifle  {weight  108  tons)  157^  hours  were 
required  for  ctooliug  and  an  expenditure  of  44,234  cubic  feet  of  wat«r. 

The  metallurgio  conditions  appeared  to  be  more  favorable  than  with 
either  of  the  other  gnns,  and  the  u-on  was  poured  at  an  apparently 
satisfactory  temperature. 

The  fracture  of  the  "  teat  sticks  "  from  two  of  the  furnaces  appeared 

a  little  harder  and  more  crystalline  than  was  desired,  but  this  appear- 

_W)ce  was  attributed  to  the  rapid  chilliug  in  the  wet  sand,  and  it  was 

Casting  of  heavy  gun  at  Sontb  Boston,  by  Capt.  D.  A.  Lyie,  See  "  Abstract  of 
•ceedlnes  of  Society  of  Arts  of  Massachusetts  Institute  Technology,"  in84-IH55,  pp. 
1,94. 
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believed  that  the  large  casting  would  show  aboat  the  qualities  desired. 
The  method  of  asing  test  sticks  is  only  valuable  as  an  approximate  ia- 
dex  of  the  working  of  the  farnaces  in  the  hands  of  an  experienced  for^ 
man,  who  can  judge  of  the  condition  of  melted  iron  by  comparison,  firoa 
the  knowledge  obtained  in  previous  trials  with  the  same  iron. 

It  is  a  very  rough  method  at  best,  but  it  is  the  only  one  available  ii 
such  work,  on  account  of  the  rapidity  and  ease  with  which  sach  tests 
may  be  made. 

The  casting  was  hoisted  from  the  pit  by  Febrnary  14, 1885,  and  was 
placeil  in  the  lathe  during  the  week  ending  March  7, 1885. 

As  far  as  external  appearances  went,  the  casting  seemed  to  be  a  good 
one. 

9.  Cooling  the  casting. 

The  Bodman  system  of  cooling  from  the  interior  consists  in  having 
an  axial  core  barrel,  through  which  cold  water  is  circulated  to  cany  of 
the  heat  from  the  inside  and  cause  the  melted  metal  near  the  bore  to 
harden  in  concentric  cylindrical  layers,  beginning  on  the  inside  and  ex- 
tending gradually  toward  the  exterior,  thus  bringing  a  strain  of  ooa- 
pression  upon  the  layers  nearest  the  surface  of  the  bore.  To  fiicilitala 
this  operation  and  secure  reasonable  uniformity  in  the  cooling,  it  is 
necessary  that  the  exterior  of  the  mass  of  metal  be  retained  in  a  moltSB 
state  as  long  as  possible,  in  order  to  allow  time  for  the  interior  lajen 
to  cool  consecutively  and  "set." 

In  order  to  preserve  this  molten  state  for  the  exterior  as  long  as  poo> 
sible,  a  fire  is  built  in  the  bottom  of  the  pit  around  the  flask,  to  keep 
the  flask  and  the  air  in  the  pit  around  the  casting  hot.  Jast  enoogh 
draft  is  permitted  to  keep  the  fire  burning.  The  top  of  the  pit  is  eov* 
ered  to  regulate  the  draft  and  keep  in  the  heat 

The  contract  (of  September  24, 1883)  provides  that — 

All  these  castings  shall  be  made  hollow  and  be  cooled  fVom  the  interior  (except  m 
hereinafter  provided  for*)  by  a  current  of  air  or  water,  the  exterior  at  the  ■ama  tbM 
being  kept  hot  either  by  a  tire  built  around  the  flask  within  the  casting  pit,  or  by  fill* 
ing  the  space  between  the  flask  and  the  pit  walls  with  some  snitable  noa-ooodnetiif 
material  as  may  be  desired  by  the  United  States.  Specimens  of  the  metal  taken  fnm 
the  lower  end  of  the  sinking  heads  shall  in  each  case  hare  an  ultimate  tenaeitjif 
not  less  than  30,000  pounds,  nor  more  than  37,000  pounds  per  square  inch.  Theei- 
terior  diiiieuHions  of  the  rough  castings  shall  l>e  such  as  to  allow  the  finishing  of  tkt 
guns  to  accurately  conform  to  the  dimensions  given  on  the  drawings  hereto  attaehtli 
and  also  to  assure  a  uniform  surface  when  finished ;  and  the  castings  shall  be  ■ouli 
free  from  cavities,  soft  spots,  and  flaws. 

•  •••••• 

The  casting  for  the  body  for  the  twelve-inch  breech-loading  rifled  mn,  flnlihii 
in  rendinesH  for  the  insertion  of  a  wire-wrapped  steel  tube  and  breeoh  bnthing  ilnB 
be  made  breech  down,  the  total  weight  of  the  sinking  head  shall  beat  least  one-rixlk 
of  the  total  weight  of  the  rough  gun  casting,  and  the  body  shall  be  finished  aees- 
ratelv  and  completely  on  the  exterior.  The  recess  for  the  tube  shall  be  flnJihij. 
bored  in  accordance  with  the  drawing. 

The  Chief  of  Ordnance  directed  that  the  casting  be  made  fareadi 
down. 

10.  Variations  in  cooling  from  the  Rodman  method. 

After  the  accident  with  the  first  casting,  Mr.  Hunt,  president  of  ths 
South  Boston  Iron  Works,  attributing  ics  loss  to  the  weakness  of  the 

*  Thin  exception  has  reference  to  an  alternate  method  for  the  13-ijioh  iMWiped 
tubed  gun. 
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e^nd  to  the  fact  that  the  gau  was  cast  breech  dowD,  proposed  to 
nd  the  flask  with  sand,  well  rammed,  as  high  as  the  tranuions  in 
to  support  the  flask.  He  spoke  to  me  in  regard  to  this  project, 
stated  that  I  could  not  authorize  such  a  departure  from  the  recog- 
methods  of  casting ;  that  I  feared  the  rapid  absorption  of  heat  by 
mp  sand  would  cool  the  exterior  too  rapidly.  At  his  suggestion, 
er,  I  wrote  to  the  Ordnance  Office,  explaining  his  propo^id  modi- 
n. 

reply  I  received  deprecated  a  departure  from  the  usual  methods, 
was  remarked  that  in  case  sand  was  used  it  would  be  prudent  to 
t  thoroughly  dried.  I  inferred  from  this  reply  that  the  Depart- 
lid  not  intend  to  give  any  additional  instructions,  and  intended 
le  by  the  provisions  of  the  contract  and  leave  the  subject  of  the 
ulation  to  the  responsible  founder,  who,  when  president  of  the 
Boston  Iron  Company,  In  his  letter  to  the  Committee  on  Naval 
3,*  dated  February  27,  1882,  says,  in  speaking  of  the  subject  of 
mstruction : 

ipecialty,  we  have  devoted  years  of  practical  labor  and  thought  to  this  quea^ 
id  believe  that  the  accnninlat'ed  experience  of  forty  years  justifies  our  speak* 
h  proper  confidence  upon  the  subject  now  claiming  your  attention. 

I  who,  again,  in  his  letter  to  General  S.  Y.  Ben^t,  Chief  of  Ord- 
U.  S.  A.,  dated  Boston,  January,  1882,  states: 

louth  Boston  Iron  Company  has  been  actively  engaged  in  the  manufacture  of 
*e  for  the  United  States  Government  for  more  than  half  a  century.  During 
ig  period  of  service  its  record  has  been  of  the  highest  character,  and  at  aU 
>  has  faithfully  execute<l  its  engagements  with  the  Government.  It  has  added 
from  time  to  time  to  its  machinery  and  iixtures,  until  it  is  in  condition  to 
'A  cannon  of  the  largest  caliber  without  delay,  and  until  the  valuo  of  its  plant 
than  a  million  dollars. 

ing  to  continue  the  leadinjj^  position  we  hold  in  the  line  of  our  business,  and 
ig  that  we  have  the  experience  and  ability  at  command  to  successfully  pro- 
nnou  of  large  caliber  of  iron  or  steel  from  American  ores,t  &o. 

parted  to  Mr  Hunt  the  misgivings  of  the  Department  and  my- 
regard  to  the  use  of  damp  sand,  or  a  departure  from  Rodman's 
d.    He  then  decided  to  place  a  dry  brick  wall  8  inches  thick  next 
Aask,  and  ram  sand  exterior  to  this,  so  as  to  support  the  flask, 
ouversation  with  Mr.  Hunt  about  this  wall  I  expressed  the  opin- 
It  I  thought  the  wall  better  than  to  put  damp  sand  directly  against 
sk,  but  that  I  was  not  satisfied  that  the  brick  and  sand  were  suf- 
ly  non  conducting  to  be  safe.    Mr.  Hunt  differed  with  me  and 
that  he  thought  the  wall  would  be  a  good  non-conductor  and 
keep  in  the  heat.    The  subject  was  then  dropped, 
company  placed  the  flask  in  the  pit,  built  the  8inch  brick  wall 
1  it  as  high  as  the  top  of  the  trunnion  section,  and  placed  a  flre 
pit  around  the  flask  at  that  point 
arrangement  is  fully  illustrated  in  Diagram  A,  which  follows: 


"The  Construction  of  Ordnance,''  by  William  P.  Hunt,  president  of  the  South 
Iron  Company,  Boston,  lSfi2f  p.  70. 

'*The  Establishment  of  Steel  Gun  Factories  in  the  United  States,''  by  Lieut* 
aques,  U.  S.  N.,  p.  541.    The  italics  are  mine. — D.  A.  L. 
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Cast  Dec.  23,  I8S4, 
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11.  Transverse  rupture  of  second  casting. 

After  adjusting  tbe  casting  in  tbe  lathe,  the  sinking  head  and  first 
initial  tension  ring  (A)  were  cnt  off,  and  then  gang-tools  were  employed 
to  remove  i>ortions  of  the  exterior  by  tnruiug  annular  grooves  in  the 
body.  The  metal  between  these  grooves  was  to  be  wedged  off.  On 
Saturday,  March  14,  the  workman  noticed  a  slight  crack  in  the  casting 
in  the  bottom  of  the  annular  groove,  cut  at  147  inches  from  the  axis  of 
the  trunnions  (or  287  inches  from  the  breech  of  casting),  but  it  was  not 
reported  to  the  inspectors.  On  the  evening  of  March  17  the  casting 
broke  short  off  in  the  lathe.  The  ruptured  section,  shown  in  Diagram 
B,  had  an  exterior  diameter  of  32.125  inches,  and  an  interior  diameter 
of  10.5  inches.  The  exterior  diameter  of  the  casting  at  this  ))oint  was 
46.75  inches ;  the  depth  of  the  groove  cut  by  the  tool  was  7.3+  inches. 
The  surface  of  fracture  was  curved  with  the  convexity  tjirned  toward 
the  breech  of  the  casting.  The  metal  in  the  fractured  surface  had  a 
brittle  arenaceous  appearance,  white  and  gray  mottled.  -  ^^^ 

On  April  4,  1885,  a  cut  I  inch  wide  and  6f  inches  deep  was'made  in 
the  body  at  58.75  inches  from  breech,  when  a  crack  was  discovered. 
The  exterior  diameter  at  the  bottom  of  this  slot  was  43.75  inches. !  ^r  j 

On  April  7  another  cut,  5|^  inches  deep,  was  made  at  31.5  inches  from 
the  breech,  and  wedges  driven  in.  The  31.5inch  breech  section  split 
off  with  ease.  The  fracture  was  convex  towards  the  breech,  but  the 
versine  of  the  longitudinal  section  was  only  0.5  inch,  instead  of  about 

DIAGRAM    B. 


Scale:  1"  to  8". 


12-iBch  tubed  caAt-iroo  B.  L.  R.,  showing  area  of  broken  section,  ruptured  March  17. 18SS,  147  inches  in 
front  of  axia  of  trnnnions,  or  287  inches  from  the  breech  of  the  caating. 

two  inches,  as  found  for  first  rilpture.  The  thickness  of  metal  ruptured 
was  over  34  inches,  or  a  little  over  17  inches  on  each  side  of  the  bore. 
Fractured  surface,  mixed  white  and  mottled ;  iron,  hard,  sandy-looking, 
very  brittle,  and  crumbling;  grain,  finer  around  core  barrel  than  else- 
where.   The  section  of  April  4,  58.75  inches  from  breech,  was  next 
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wedged  off.  It  broke  with  a  aoniev^liat  irregular  fractnre,  a  convexo- 
concave  surface  indicated  iu  Diagram  A.  A  ba8iu-8hai)ed  cavity,  2^ 
inches  deep,  was  left  in  the  uuizzle  end  at  this  siHStion,  showing  irregu- 
lar strains  at  this  point.  Fractuiv,  mottled,  with  hard  white  points 
bright  and  lustrous;  metal  apparently  biittle.  Near  the  core,  aud  ex- 
tending radially  about  3  inches  from  the  boi*e,  the  surface  of  the  fract- 
ure was  slightly  discolored  by  rust,  indicating  that  a  crack  bad  existed 
there  while  water  was  still  in  the  bore. 

After  the  first  rupture  the  company  l>egan  cutting  the  gnu  into 
suitable  sections  for  remelting,  all  of  which  were  wedged  off  with  ease. 
Up  to  and  including  April  18,  1883,  the  castiug  had  cracked  trans- 
versely at  eight  different  points  (including  the  first  pouit  of  ruptiue) 
while  the  annular  grooves  wei*e  being  cut  and  before  the  resort  to 
wedging  off. 

It  will  be  seen  from  the  foregoing  that  the  Department  provided  for 
two  methods  of  keeping  the  i>it  hot;  either — 

(1)  By  means  of  a  fire  placed  around  the  tlask  at  the  bottom  of  tbe 
pit,  or  (2)  by  filling  the  space  around  the  fiask  with  some  uou-condoct- 
ing  material. 

The  company  did  not  ado))t  either  of  the  methods  prescribed  by  the 
contract,  but  adopted  and  used  part  of  e^ch ;  that  is,  they  built  a  fire 
in  the  ])it  around  the  upper  ])art  of  the  flask  al>ove  the  trunnions  and 
filled  the  lower  part  of  the  spa<*e  between  the  pit  and  flask  with  what 
they  claimed,  and  probably  believed,  to  be  a  ^*  suitable  non-conducting' 
medium. 

In  order  to  secure,  as  far  as  possible,  uniformity  in  cooling  ui>od  the 
exterior  of  a  casting,  any  person  having  the  slightest  acqnaintanee 
with  the  principles  and  laws  of  physics,  or  the  art  of  molding,  knovs 
that  the  more  homogeneous  the  enveloping  nmterial  throughout  the 
zone  penetrated  by  the  heat,  whether  it  be  gast'ous  or  solid,  the  more 
uniform  will  be  the  rate  of  cooling.  The  absolute  cooling  effect  will 
depend  upon  the  densities  and  conducting  powers  of  the  circumjacent 
•media,  supposing  the  particles  to  remain  relatively  at  rest  and  not  die- 
turlRHl  by  currents  of  air,  «S:c.  Thus,  if  air  be  used  as  the  sarroaod- 
ing  medium,  the  rate  of  cooling  and  the  cooling  effect  will  be  veirdi^ 
ferent  if  the  air  remain  at  rest  from  what  it  would  be  were  the  air  kepi 
in  circulation,  the  heated  air  being  removed  and  replaced  by  cold  air. 

In  view  of  these  facts,  it  would  have  been  better,  as  far  aa  uniform^lf 
of  cooling  was  concerned,  to  have  either  surrounded  the  flask  with  the 
brirk  wall  and  sand  all  the  way  up,  or  to  have  built  a  fire  at  theboC^ 
torn  of  the  i>it  and  ke))t  the  flask  surrounded  by  hot  air  at  as  nearly  a 
uniform  temperatuix.'  and  with  as  little  a  current  as  iM>ssible. 

The  remarks  regarding  uniformity  of  cooling  are  based  upon  thesnp- 
])osition,  of  course,  that  the  casting  is  a  perfect  cylinder,  without  WMf 
]>rotuberant  masses.  In  this  casting,  however,  the  breech  end  had  the 
thickest  metal  and  the  chase  the  least  thickness,  but  to  counterbalance 
this  the  thin  metal  was  protected  by  the  greater  thickness  of  diy  Mud 
inside  the  flask,  and  would  not  radiate  its  heat  to  the  mediam  santNiiid- 
ing  the  flask  so  rai)idly  as  would  the  thick  metal  at  the  breeeh  with  iti 
lighter  i>rotection  of  dry  sand  inside  the  flask.  This  casting  also  had 
masses  projecting  to  form  the  trunnions,  which  would  interfere  wA 
the  unitbrmity  of  ciwling  about  that  section. 

The  company,  however,  adopted  a  mixture  of  the  two  methods  of  ex- 
terior cooling.  They  kept  the  air  around  the  top  of  the  flask  hot  te 
a  time ;  and  from  the  bottom  of  the  pit  to  the  top  of  the  tmonioii 
tion  was  filled  with  the  brick  wall  and  moist  hard-rammed  aaod. 
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Any  intelligent  master  molder  coald  have  foreseen  that  the  conditions 
were  exactly  similar  te  those  employed  in  casting  chilled  projectiles  or 
chilled  rolls;  where  the  part  te  be  chilled  is  surrounded  by  a  metallic 
envelope  on  account  of  its  good  conducting  properties  and  the  unchilled 
parts  are  molded  in  sand  or  loam,  which  is  a  comparatively  poor  con- 
ductor of  heat. 

12.  difficulty  in  molding. 

In  relation  to  the  mower's  task  in  preparing  for  heavy  castings,  Ap- 
pleton's  Cyclopaedia  of  Mechanics,  Vol.  II,  p.  452,  has  the  following: 

The  casting  is  »  very  intricate  process,  requiring  good  engineering  abilitiesi 
skill  in  drafting,  and  experience  in  the  designs  as  well  as  in  those  who  ezeoate 
the  work.  *  •  *  He  (the  molder)  has  also  to  provide  channels  and  gateways  for 
the  pouring  of  the  metal,  and  they  must  be  so  arranged  as  to  secure  its  perfect  flow- 
ing to  every  part,  and  as  nearly  as  possible  its  simultaneous  cooling.  Allowance  must 
also  be  made  for  shrinkage,  and  an  almost  infinite  number  of  precautions  suited  to 

J>articnlar  exigencies  as  they  arise  must  be  observed.  The  drafting  requires  great 
orethonght  and  calculation,  and  the  execution  not  only  involves  a  perfect  compre- 
hension of  the  plan,  but  a  constant  vigilance  in  avoiding  errors  and  causes  of  mis- 
carriage. 

The  above  paragraph  indicates  clearly  the  necessity  for  great  pre- 
cantions  in  molding.  In  this  case  the  mold  had  a  cylindrical  jinking 
bead  (see  diagram  A),  tben  tapered  for  a  foot  to  the  neck,  and  had  a 
reverse  conical  surface,  large  end  down,  with  projecting  masses  for  the 
tmnnions,  below  which  point  it  was  practically  cylindrical.  A  compari- 
Bon  of  the  dimensions  of  the  mold  and  the  corresponding  dimensions 
of  the  casting  at  the  same  points  is  given  below. 


Point  taken. 


Bottom  of  cylindrical  sinkinz  head. . 

Neck,  Hinallest  part  of  casting 

In  front  of  tmnnionii 

liaximam  diameter  below  tmnnions 


Pattern. 

i 

Castings.  * 

Difference. 

Diameters. 

Diameters. 

1 

Inchea. 
4e.7 
44.22 
52.71 
66.75 

Inehei, 
45.5 
43.7 
63.75 
-53.75 

Inehea. 
-1.2 
-0.52 
+1.04 
+3.00 

*  These  nnmbers  are  only  approximate,  being  taken  with  coarse  shop  calipers. 

This  shows  that,  if  the  mold  was  well  rammed  and  accurate  (which  it 
apparently  was),  the  casting  contracted  diametrally  at  all  points  ex- 
cept just  above  the  trunnions,  where  it  enlarged  about  an  inch.  This 
enlargement  might  have  proceeded  partly  from  the  straining  of  the 
mold  and  partly  from  the  rude  method  of  measuring  the  casting.  The 
diametral  contraction  was  proportionally  greater  below  the  trunnions. 

In  regard  to  the  amount  of  vertical  contraction  of  the  casting,  no 
data  is  at  hand  by  which  it  can  be  accurately  determined.  The  verti- 
cal contraction  was  probably  not  far  from  one  eighth  of  an  inch  for 
every  16  inches  of  length  in  the  casting,  and  as  the  mold  for  the  cast- 
ing was  462  inches  in  length,  the  vertical  contraction  would  be  about 

3.6  inches. 

• 

13.  Longitudinal  shrinkage  strain. 

In  my  report  to  the  Chief  of  Ordnance  U.  S.  A.,  dated  March  18, 
1885, 1  stated  that  ^'the  only  rational  explanation  that  suggests  it- 
self to  me  at  this  writing  is  that  the  great  length  of  the  casting  would, 
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in  cooling,  necessarily  contract  a  good  deal  longitudinally  (verticallj), 
and  the  enlarged  cylindrical  sinking  head  at  one  end  and  the  sloping 
body  at  the  other  acted  like  holders  in  a  testing  machine,  and  did  not 
allow  the  metal  to  sink  down,  especially  after  setting  on  the  exterior.' 

Mr.  Alfred  E.  Watkins*  says: 

The  difference  in  time  required  to  cool  the  different  parts  of  a  casting 
depends  ui)on  their  relative  thickness     •     •    • 

The  thickest  part  of  a  mass  of  molten  metal  always  shrinks  la«t; 
and,  ^^as  a  rule,  moldings  should  seldom  be  cast  on  a  column,"  as  thej 
tend  to  weaken  it.  Again,  Lieutenant  Birnie,  Ordnance  Department, 
in  speaking  of  the  castings  for  the  2^-inch  bronze  life-saviiif^  gans,t 
says : 

With  castings  Nos.  I  and  2  (the  latter  of  which  was  afterwards  condemned)  a  pAtten 
was  used  lor  moldicc  the  saud-head,  which  had  become  worn  at  the  bottom  by  coDtaet 
with  the  heated  chill,  and  thus  caused  a  shoulder  to  be  formed  in  the  mold  at  the  lnM 
of  the  sand-head.  The  injurious  eltect  of  this  was  at  once  apparent  in  the  castion 
both  of  which  were  cracked  arouud  the  chase  just  l>elow  the  saud-head,  the  shoalocr 
having  acted  to  prevent  the  metal  in  the  sand-head  from  sinking  properly  to  sopp^ 
the  shrinkage  below.     A  new  pattern  was  at  once  substituted. 

The  case  cited  by  Lieutenant  Birnie,  U.  S.  A.,  bears  directly  upon 
this  qtiestion.  If  he  found  that  the  slight  shoulder  forming  a  oeck 
at  the  to])  of  a  casting  about  47  inches  in  length  produced  iiyariooa 
strains  sul!icient  to  crack  the  chase,  how  much  more  would  a  shoalder 
at  the  base  of  the  sinking  head  for  a  casting  462  inches  in  length 
be  apt  to  pix>duce  injurious  strains  below  the  plane  of  the  sbooldert 
Especially  would  this  be  true  when  the  metal  l>etween  this  shoulder 
and  the  trunnions  was  delayed  in  its  contraction  and  shrinkage  by  the 
fire  and  hot  air  around  this  portion  of  the  flask,  while  the  large  bottom 
mass  was  cooling,  contracting,  and  shrinking  away  from  the  half  fluid 
metal  in  the  chase. 

Again,  it  is  a  well-known  fact  that  ^^  melted  iron,  when  cooling,  cods 
the  tastest  at  the  bottom  of  the  moid  and  at  the  sides  and  coi)e  surfaces, 
which  draws  molten  iron  from  the  hottest  or  central  ))ortion  to  supply 
the  shrinkage  of  the  cooling  parts."  This  statement  was  apiiareutly 
verified  in  this  casting,  which  undoubtedly  cooled  more  rapidly  where 
walled  lip  with  brick  and  sand  than  it  did  about  the  chase,  surrounded 
by  a  tire  and  hot  air.  That  fluid  iron  was  drawn  from  this  region  was 
shown  by  the  less  and  less  convexity  of  the  fractured  surfaces  of  the 
diflerent  sections  as  the  bottom  or  breech  was  approached. 

The  convexity  of  the  surfaces  of  fractuie  was,  in  every  section  except 
the  one  58.75  inches  from  the  bottom  of  the  casting,  turne<i  toward 
the  breech.  This  exception  exhibited  an  irregular  outline,  and  bad  a 
basin  shaped  cavity  on  one  side  with  its  convexity  towards  the  musde, 
which  is  attributed  to  the  al>normal  shrinkage  strains  caused  by  the 
fixed  ))osition  of  the  trunnions,  their  inability  to  move  downward,  and 
the  dependent  weight  of  the  breech. 

iSince  the  above  was  written  1  have  run  across  a  very  similar  case* 
cited  by  ('a))taiii  (afterwards  General)  Kodman,  in  '^Metals  for OannaBf' 
page  127,  which,  from  its  pertinence  to  this  subject,  I  have  transcribed 
entire : 

The  al)ove  data  show  tlie  uu'tal  in  Ihv  West  Point  guu  to  be  more  dense,  of  mock 
creator  Ntieii^th,  niorr  elastic,  and  iinich  more  iiuouipri-sfiible  tban'that  in  tbe  F<vt 
Pitt  pin,  and  of  almost  eqnal  ultimate  exteuhibility ;  or  that  it  is  Kuperior  in  eveiT 
quality  except  one,  and  but  slightly  iuCeiior  in  that.    Yet  the  endurance  of  tbe  Fort 


'Article  ou  **  CantinKt*'  in  Appletou'H  '*  Cvcloptedia  of  MecbanieSy''  Vol.  I,  p.  336^ 
tKeport  of  Chief  of  Ordnance  U.S.A.,  Idc^,  p.  392. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         343 

Pitt  gun  was  more  than  double  that  of  the  West  Point  gun.  In  other  words,  the 
inferior  metal  makes  the  superior  solid  cast  gun. 

Startlingly  absurd  as  this  conclusion  appears,  it  is  nevertheless  true,  and  admits 
of  satisfactory  explanation,  in  strict  accordance  with  the  known  properties  of  cast- 
iron. 

The  iron  of  which  these  guns  were  made  was  identical  in  quality  when  it  went 
into  the  melting  furnaces.  The  difference  in  quality,  as  found  in  the  guns,  was 
caused  by  the  difference  in  treatment  which  it  received  in  the  furnaces,  and  by  the 
different  rates  of  cooling  to  which  the  guns  were  subjected  after  casting.  The  Fort 
Pitt  furnaces  have  a  stronger  draft,  melt  quicker,  and  ^*  work  lower,"  or  decarbonize 
their  iron  less,  than  the  West  Point  furnaces. 

The  West  Point  gun  mold  was  rammed  up  in  green  or  moist  sand  to  a  point  above 
the  trunnions,  that  part  of  the  mold  containing  the  chase  of  the  gun  being  entirely 
uncovered. 

The  Fort  Pitt  gun  mold  was  placed  in  a  closely  covered  pit,  which  had  been 
previously  heated  by  fire,  and  in  which  a  moderate  fire  was  burning  at  the  time 
of  casting,  and  continued  to  burn  for  some  time  after. 

Green  or  moist  sand  is  a  very  good  conductor  of  heat,  owing  to  the  evaporation  of 
the  moisture  which  it  contains.  It  is  well  known  that  a  body  will  cool  much  more 
rapidly  in  the  open  air  than  in  a  closely  covered  pit,  even  without  any  application 
of  heat  from  other  sources. 

Thi^re  can  be  no  doubt,  therefore,  that  the  West  Point  gun  cooled  more  rapidly  than 
the  Fort  Pitt  gun,  nor  that  it  was  composed  of  higher  or  more  decarbonizea  iron. 
Now,  it  is  w(dl  known  that  the  higher  the  iron  and  the  more  rapidly  it  is  cooled  the 
g^reater  will  be  its  contraction  in  cooling. 

It  is  equally  well  known  that  the  greater  the  contraction  of  the  iron  the  more  liable 
is  the  casting  to  be  strained  in  cooling;  and  in  no  case  is  this  danger  more  imminent, 
or  the  strain  produced  more  certain  to  be  injurious,  than  in  cooling  from  the  exterior 
guns,  hydraulic  cylinders,  <&c.,  of  large  diameter.  For  (for  the  reasons  given  in  my 
letter  to  Colonel  Craig,  hereto  appended,  page  93)  the  strain  due  to  contraction  in 
cooling  is  sure,  in  these  cases,  to  act  in  concert  with  the  bursting  force. 

There  can  be  no  doubt,  therefore,  that  the  superior  qualities  which  the  iron  in  the 
West  Point  gun  has  been  nhown  to  possess  were  more  than  neutralized  in  the  gun  by 
the  greater  strain  to  which  it  was  subjected  in  cooling;  but  additional  support  of 
this  conclusion  is  found  in  the  less  enlargement  of  the  chamber  of  the  West  Point 
than  that  of  the  Fort  Pitt  ^un,  when  first  discovered  to  be  cracked,  in  proportion  to 
the  ultimate  permanent  set  which  the  iron  would  undergo  from  a  state  of  perfect 
freedom  from  strain. 

III. — PHYSICAL   PROPERTIES. 

1.  Initial  tension. 

From  the  casting  for  the  12inch  tubed  rifle,  three  initial  tension  rings 
will  be  taken,  which  will  be  marked  respectively  A,  B,  and  C. 
They  will  be  taken  as  follows : 

A,  30  inches  from  the  muzzle. 

B,  0  inch  from  the  muzzle. 

These  two  have  already  been  cut  from  the  casting, 

C,  22  inches  from  the  breech. 

The  specimens  taken  from  these  rings  will  be  sent  to  Watertown 
Arsenal  for  test,  and  the  results  may  be  inserted  hereafter  in  their 
proper  place.  The  positions  of  the  specimens  in  the  rings  are  shown  iu 
diagram  C.  In  order  to  lay  before  the  Department  the  principal  data 
relating  to  the  initial  tensions  of  the  castings  made  here  under  this 
contract,  for  direct  comparison,  a  tabular  statement  has  been  prepared 
and  is  appended,  marked  Table  II. 
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DiAGBAM  G. 

[12-inch  steel- tubed  B.  L.  R.    Second  CMttiig.] 


Plan  of  initUI  tension  rinfl^  fh>ni  cast-iron  body  of  12-inch  tabed  rifle,  showinffpoeitloB  Mid  B«n 
of  test  specimens.  Three  disks:  "A."  taken  80  inchee  fh>m  mostle  of  gun;  "  B,"  takm  0  iaek  1 
muizle  of  gun ;  **  C,"  taken  22  inches  from  breech  of  casting. 


3.   TEST   SPECIMENS. 

[12-inch  tubed  rifle.    Second  easting.] 
NumheTf  kindf  and  dimenaions  of  teat  sptdmena  takemfriMm  each  initial  toiitioii  rim§. 


H 

a 


Kind. 


Where  taken. 


How  taken. 


I 
Number.      Poaitkn. 


I 


8 
8 
8 

2 
8 


Tenacity Tangentially  ... 

Tenacity Longitudinally . 

I 

Tenacity Radially 

Tension Tangentially.  ...} 


{ 
{ 
i 


Hardness  and   speciflc  .  From    face    on 
gravity.  '      radius. 


'S 


1  Inside 

2  Middle 

3  i  Otttaide 

6  !  Onteido 

7  I  Middle 

8  :  Inside 

9  I  Otttaide 

10  I  Middle 

11  I  Inside 

Both  Inside 

and  on  up- 
positesldes 
of  bore. 

12  >  Inside 

13  =  Middle 

U     Outside 


LsBXth.      DliMiTi 


^ 


a.1 

8.1 


I 
}- 


9* 
J* 
J* 


*  Between  shoulders. 
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In  addition  to  the  above,  the  following  specimens  were  taken  for  de- 
termining hardness  and  specific  gravity,  viz :  Two  specimens,  A  and  B, 
were  taken  from  opposite  sides  at  the  bottom  of  casting;  three  speci* 
mens,  G,  D,  and  E,  from  the  trunniou  section  of  the  casting  which  was 
22  inches  in  length,  one  each  from  inside,  middle,  and  outside  of  cross- 
section,  and  three  specimeos,  F,  G,  and  H,  from  the  section  where  the 
mptnre  of  March  17  took  place.    (See  diagram  A.) 

The  sx>ecimeDs  for  hanlness  and  density  will  be  furnished  at  this 
foundry  and  sent  to  Watertown  Arsenal  for  test.  A  table  giving  the 
results  of  the  tests  will  be  appended  hereafter  and  marked  Table  III. 

The  tenacity  and  tension  specimens  will  be  planed  to  the  dimensions 
given  in  the  above  table  and  then  sent  to  Watertown  to  be  tested  after 
finish  turning.  The  results  from  the  tenacity  specimens  will  be  found 
in  Table  lY,  to  be  appended  later. 

For  the  information  of  the  Department  and  for  comparison,  a  table 
giving  the  densities  and  tenacities  of  specimens  taken  from  a  10-inch 
rifle  cast  for  the  Argentine  Republic  in  1872  .or  1873.  This  gun  (foun- 
dry No.  2341)  was  rejected  on  inspection  for  defects  near  the  bottom  of 
the  bore,  and  in  July,  1873,  was  cut  up  into  sections,  as  shown  in  the 
Bketeh  in  the  table  giving  the  results  of  the  tests  (see  Table  Y  appended 
hereto).  These  results  will  be  useful  ibr.  comparison.  The  casting  for 
this  gun  was  about  the  same  size  as  for  a  15inch  Bodman  smooth-bore 
gun. 


Table  I. — Statement  of  fabrication  of  ordnance  for  theeervioe  of  the  United  States  hff 
SoMth  Boston  Iron  Worktt^  at  the  South  Boston  Fouikdrg^  under  the  snpervision\  of  Capt. 
D.  A.  Ljfle,  Ordnance  Dq^artmentf  U,  S,  Armg, 

ISeqond  OMting  for  12-incb  wire-wrftpped  steel-tabed  gan,  OMi  Deoember  23, 18M.] 

CHAROB. 

Richmond  iron  nssA, 


Grade  of  iron. 


Funuicet. 


No.  1 

!  N«.2 

No.  8,  hard* 
No.  8,  aoft . . 
Remelted . . . 


No.1. 

No.  2. 

Na8. 

Pounds. 

Pounds, 

• 

Pounds. 

14.000 
24,000 
17.000 
27.000 

14.000 
24.000 
17.000 
27,000 

14,000 
24,000 
17.000 
27,000 

82,000 

82,000 

82,000 

TotaL 


Pounds. 


42,000 
72,000 
61,000 
81,000 


246,  OpO: 
100.8  tona. 


*  Claaaed  as  "  No.  4  Richmond  "  at  thia  foundry. 


f  The  entire  operation  and  aaperinteDdence  of  and  responsibility  for  the  oaatinglras  vnder  thedireo- 
tioo  of  the  fotinrlera,  and  the  only  supervision  exeroisea  by  the  inspectors  was  that  reqntoed  by  tbe 
Qontnct,  ao  far  as  it  provides  for  inspections  at  every  stage  of  the  mannfaetnre. 
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Coal  eoru%tm$d.\ 


Famaoea. 


"Pennsylvania  gaa  coal"  used. 


No.1. 


Meltine. 
I  Fusion.. 


Tom. 

12 

8 


Total  tons 


15 


No.2.     Ko.3.     TotaL 


Tons.  :  Ton$,  |  Ant. 

in      m      Ml 


15 


15 


45 


t  Estimated ;  assumed  to  be  1  ton  per  foniaoe  per  lurar. 
Oharaeter  qf  U$t  tHeks. 


I 


Furnaces. 


No.1. 


I       No.  2. 


NaS. 


Basin. 


S    While  crystal- !  r»__i,  _^_     Grayish  white  crys-  ' 


Gray,  flue,  gnuk- 
nuur. 


RECORD  OF  CASTING. 


Furnaces  fired,  December  22,  at  8.45  p.  m. 

Metal  down,  December  2^),  at  8  a.  m. 

Time  of  melting,  11^  hours. 

Time  in  fusion,  'ii  hours. 

Gun  cast,  December  23,  at  11.15  a.  m. 

Time  occupied  in  casting,  36  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 38  degrees. 

Temperature  of  water  leaving  core-barrel, 
71  degrees. 

Rate  of  water  per  minute,  40  gallons. 

Fire  kindled  in  pit,  December  23,  at  11.29 


a.  m. 


Fire  in  pit  went  out,  December  24, 6  a.  b. 
Fire  in  pit  boraed  18i  houn. 
Water  snut  off,  December  24,  at  10  a.  m. 
Core-barrel  removed  at  10.30  a.  m. 
Water  entered  gun  at  11.30  a.  m. 
Kate  of  water  per  minute,  40  gallons. 
Temperature  of  water  entering  goa,  31 

degrees. 
Temperature  of  water  leaving  gun  in  S 

minutes,  145  degrees. 
Rate  of  water  changed  December  84,  il 

12  m.,  to  28  gallons. 
Total  time  in  cooling  gun,  140  hours. 


COOLING  TABLES. 


Core- 
.  barrel 

Core-barrel  ramoved 

1. 

• 

• 

• 

* 

• 

• 

t 

i 

S 

i 

t 

. 

1 

i  ■ 

1 

,  3 

tc 

p 

fee 

»m 

& 

9 

&fi 

9 

fa£ 

0 

Q^ 

a 

^p 

1  O 

« 

3 

V 

o 

Cp 

O  ■ 

«,  ' 

9 

&. 

o 

s 

o 

f 

1 

Q 

a 

P 

» 

Q 

K 

a  ■ 

» 

S)  I 

Q 

m    1 

« 

i 

:  1 

71 

23 

:62 

45  ! 

111 

67 

74  ' 

89 

58  '■ 

111! 

47  1 

188  j 

43  * 

1  2 

71 

24 

46 

111 

68  1 

72 

90 

67 

112  ! 

46  j 

184  I 

43 

;  3 

70 

25  : 

145 

47 

110 

69 

72 

91 

56 

113  > 

♦* 

185: 

41 

'  4 

70 

§26 

154 

48 

1U9 

70  ■ 

72 

92 

55 

114  ! 

44  ' 

186 

41 

,  5 

70 

27 

160 

49 

108 

71 

72 

93 

**  1 

115  I 

44  ; 

187  1 

41 

6 

69 

28 

156 

50 

107 

72 

72 

94 

54  ' 

116  ■ 

44 

138. 

40 

«■ 

1 

i\S 

29 

153 

51 

106 

73 

72 

95 

64 

117 

44 

189; 

40 

1  H 

67 

30 

150 

52 

104 

74 

71 

••96 

54  i 

118 

44 

ttl40  ' 

40 

1  9 

66 

31 

u:\ 

53 

102 

75 

70 

97 

54  - 

119 

44 

, 

10  . 

60. 

32 

134 

54 

100 

76 

69 

98 

64 

120  j 

44 

1 

11 

66 

33 : 

129 

.•V5 

98 

i  1 

68 

99 

1  53 

121 

44 

'  12 

65 

34 

128 

56 

96 

78 

67 

100 

1  *2 

132 

44 

:  13 

6.S 

35 

126 

57 

95 

79 

66 

101 

1  52  1 

123 

Loat. 

' 

.  14 

65 

36 

124 

58 

93 

80 

65 

102 

51 

124 

44 

1 

IS 

65 

37 

122 

59 

90 

81 

64 

103 

50 

125 

44 

'  16 

64 

38 

120 

60 

88 

,  82 

64 

104 

60 

126 

44 

■ 

1  17 

64 

39 

118 

61 

86 

'  83 

63 

105 

60 

127 

48 

1 

!  18 

64 

40 

116 

62 

84 

84 

62 

106 

^  \ 

128 

42 

19 

64 

41 

114 

63 

82 

85 

62 

107 

60 

129 

43 

• 

20 

63 

42 

113 

64 

80 

86 

61 

108 

50  : 

190 

43 

21 

62* 

43 

112 

65 

78 

87 

60 

109 

49  ■ 

181 

43 

22 

1 

1    ' 

62 

44 

112 

66 

1 

76 

;  88 

59 

110 

48  : 

1 

132 

43 

**  Water  rate  changed  to  20  {gallons  per  minate. 

a  Water  shut  off  to  remove  core-barrel. 
Core  arbor  removed. 


&  Water  rate  obanKed  to  88  galteaa  per 
ff  Water  ahat  off,  leaviaff  bon  tttod  wH 


BEPOBT  OF   THE   CHIEF  OF  OBDNANCE.  347 

TBKBILX  BTBBKOrrH. 


DUmetra 
of.p«rt- 

Arekof 

BnaklDK 

TMixrtty, 

LIZR 

JiuA.  ^ 

St,  no 

5S! 

Is 

IKITIAL  TBXBTON. 


1 

? 

1 

i 

1? 

!t 

B 

1 

•a 

J 

1 

k 

It 

if 

1 

1 

1 
• 

1 

1 

i 

1^ 

,«.,. 

/f«V.. 

rn>k«. 

Iniha. 

IwH, 

ImA. 

J>uA. 

JmAm. 

/ndl. 

J.1 

0.(1 

Table  IL—Tatt^ar  tiatmiaitt  o/ Initial  l«MioM  </<»■  OMtjMriiM). 


U-lDshoHiinn&L.  B 


h  of  (lot  b«fDr«mpturs.. 


menUlojl- 
IndertlMT 
DDfaoop- 


31.0481 


1 000393  :   0.  ooiymt 


Gtm. 

IS-lDch  hooped  and  tnbed 

! 

Hn 

A.MlDohN 

iDahtnbedKLB. 

ul«. 

Bnxoh. 

WlwraUken. 

Uaiile. 

Bl»eh. 

B.  « Inoh 

InlVairt 

orbiMohof 

giu. 

Iter    dl>n»l«  of   inJtUl 
-»«"*»« 

iMhH. 

IM*«. 

JnsAH.          Intku. 

15.33         U8.m 

th  or  (lot  before  npliire, .. . 
U>  of  (lot  lAf  r  rnptnre 

S:^ 

oisoss 

0.eO7S         1    0.496E 

0.021                 O.GIK 

0.101 

cots 

0.  0O6G 

0.118B         1    0.0978 

Mi«II»TllMUlHhor«. 

7,000 

O.DOOOSMI« 
2,SO0 

li,M 

U.400 

0.00087111 

■ItaMioatpoBDdi) 
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Table  III. — Densities  and  kardnees. 


tBesults  from  speoimens  taken  from  second  caatinK  for  12>inch  tabed  rifle,  ruptaved 

March  17,  1885.] 


Position  of  specimens. 


Order  from 
mazzle. 


Inside. 


Middle. 


Marks.     Density.    .  Hardness.   Marks.  {   Density. 


1. 
3. 
3. 
4. 


A  12 
B  12 

F 

C 

12  T 

C12 


I 


J     12  T) 
5     C12i 


Mean 7.34332+  < 


7.2821 
7.3526 
7.3503 
7.3707 

7.3809 


17.90 
19.18 
19.81 
20.47 


21. 17  }  I 


I 


A  13 
B13 

6 

D 
12  T  I 
C13S 


7.8in 
7.801S 
7.8226 
7.2091 

7. 


19.706 


7.90174  I 

I 


Positi<m  of  specimens. 


Order  from  mossle. 


Oatside. 


Moan 


Marks. ;    Density.     Hardness. .    Density. 


1 
2 
3 

4 


A  14 
B14 


i 


{: 


12  xr 

CUi, 
A 
B       ' 


7.2761 
7.3218 
7. 3423 
7.3312 

7.3483 

7.3115 
7.2949 


17.53 
17.53 
17.90 
19.18 

17.58 

16w90 
16.81 


Mean ; 7.31801+ 


•I- 


7. 29018+ 
7.8258 
7.8884 
7.808064- 

7.8576 


2a  <n 

18.56 
1&06 
1&8S 

17.  U 


l&tSft 


7. 


17.554        7.819606 


From  whence  taktn. 

No.  1.  Initial  tension  rinfc  A,  30  inches  above  mnsde. 
No.  2.  Initial  tension  ring  B,  0  inch  trom  mnssle. 

No.  3.  First  ruptured  section  (March  17, 1875),  147  inches  above  axis  of  tnumUms,  or  187 
breech. 
No.  4.  Tmniiion  section  (rear  end).    Axis  of  trunnions  140  inches  trom  breech. 
No.  5.  Initial  tension  rin;;  C.  22  inches  firom  breech,  or  4  inches  above  rear  ftuse  of 
No.  6.  Bottom  of  breech.    From  exterior  at  opposite  ends  of  the  same  diametor. 


Vrooohor 


Table  IV. — Tenacity  specimens  taken  from  the  second  (or  ruptured)  om»iin§for  tib#  IM 

hreech-loading  r\fi€^  lined  with  wire-wrappid  steel  iuhe. 


From  whence  taken. 


Taken  tangentially. 


I       I 
i  Na  1  I  No.  2  I  No.  8 

(inside).  I  (middle),  '(outside), 

;in  pounds  in  pounds  in  pounds 

per  per      j       per 

square       square   '   square 

inch.  inch.  inch. 


Intial  tension  ring  A  :* 

Specimens  markeii  A  and  num* 
bered  as  shown  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  C  and  num- 
Dered  as  shown  in  table. 


29,820        29,410 


88,180 


80, 280        28, 900        29;  880 


*  Record  of  tests  not  yet  rsoeivod. 
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Table  IV. — Tenacity  specimens  taken  from  the  second  casting,  ^e. — Continued. 


From  whence  takes. 


Taken  longitodinally. 


Initial  teniiion 

Specimens 

bered  as 

Initial  tension 

Specimens 

bered  as 

Initial  tension 

Specimens 

bered  as 


ring  A:* 

marked  A  and  nnm- 
shown  in  table, 
rinjc  B:* 

marked  B  and  nnm* 
shown  in  table, 
ring  C  :*  » 

marked  C  and  nnm- 
shown  in  table.' 


No.  8 

(Inside), 

|in  pounds 

per 

square 

inch. 


31,850 


No.  7 

(middle), 

in  pounds 

per 

square 

inch. 


No.  6 


Mean,  in  i  Petition  of  initial  ten- 
sion ring. 


per 

square 

inch. 


28,400  1      84,820 


per 

square 

inch. 


81,5233 


33,700       t23.e20  I      32,880  I    80,000 


80  inches  firom  moasle. 
0  inch  from  mnszle. 
'a  inches  from  breeob. 


I- 


From  whence  taken. 


Taken  radially. 
No.  10    , 


No.0 


Nell  , 

(inside),    (middle),  (outside), ; 
'in  pounds  in  pounds  in  pounds;    -u^^. 
per      >      per      I       per  "^e"- 

square   !   square   |   square 
inch.     !     inch.     I     inch. 


I 


Initial  tension  i  ing  A  :* 

Specimens  marked  A  and  nnm- 
lie  red  as  shown  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  C  and  num- 
i>ered  as  shown  in  table. 


26,040  '    128,150  ;      30,620 


29,700 


27,003-f 


Position  of  initial  ten- 
sion ring. 


80  inches  from  mnssle. 

i 

27, 700  !      81, 080     20, 473      >  0  inch  from  mnssle. 

!  i 

!  22  inches  from  breech. 


*  Appearance  of  fracture,  "granular,  mottled,  resembling  granite." 

t  Ma^or  PHrker  reports  these  specimens  as  showing  "  very  marked  contrast  between  light  and  dark 
ci^red  metal." 


Tablk  V. — Physical  properties  of  lO-inch  H/!e,  foundry  So,  2341,  made  for  the  Argentine 
Republic  by  the  South  Boston  Iron  Company ^  and  cut  up  for  test  July  3,  1873,  trfierits 
refection. 


o 


6 

8 


2 
3 
8 

4 
5 

e 


Specimen. 


No.  1,  inside.       No.  2,  middle,    i  No.  3,  outside. 


Distance  from  rauzsle.       — 


a 


I 


e« 

a 
H 


i 


162  inches 7.3361 

147  inches,  rear 7.2970 

13*2  inches,  front 7.3184 

No  specimens  taken 

Minehes.rear 7.2535 

67.5  inches,  rear :  7.3026 

80  inches,  rear >  7.3023 

0  inches,  middle  of  face. . .  ■ , 

2  inches,  porous  spot . . . 


82,708 
a'),134 
36,292 


I. 


Means 


7.3016 


27,165 
29.344 
35,004 


7.3078 
7.2345 
7.30U3 


1 

P 

H 


83,279 
32,.  OU 
31,547 


I 


7.2864 
7.1966 
7.2911 


1 

s 

H 


7.2818  :  31,460 
7. 2519  27, 782 


32,283 


7.2492 


7.2709 


26,180 


7.2849 
7.1870 
7.2004 


81,490 
23,528 
32,849 


80,367 


7.8048 


7.2501 


81,888 
24,492 
25,969) 

84,892) 


29^222 


7.2784 
7. 2471+ 

7.2640 


82,492 

29,668+ 

88,896 


80,152+ 
27,188+ 

80.514 


7. 2742    i  80,  eM 


*  Record  of  tests  not  yet  receirad. 
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Appendix  33. 


*HE  SHRINKAGES  AND  THEORETICAL  RESISTANCE  OF  Q-INCH EXPEBI- 
MENTAL  STEEL  BREECH- LOADING  RIFLE  NO.  1,  DOUBLE-HOOPED, 

Bt  Lieut.  Rogers  Birnib,  Jr.,  Ordnance  Department,  U.  8.  Armt. 

(1  plate.) 

CONTENTS. 

« 

*omiQlsp:  For  application  with  four  concentric  cylinders. 

For  application  with  three  concentric  cylinders. 

For  application  with  two  concentric  cylinders, 
ection  of  the  powder  chamber: 

First  method  of  solution — state  of  action  considered. 

Second  method  of  solution— state  of  rest  considered, 
ection  of  trunnion  hoop. 

•ection  between  powder  chamber  and  trunnion  hoop, 
action  over  breech  of  tube, 
lection  of  the  breech  (screw  recess). 
effect  of  the  sinsle  hoop  An. 
lection  through  base  of  hoop  Ai. 
lection  through  shoulder  on  Jacket, 
lection  through  front  (within  face)  of  jacket, 
lection  through  middle  of  D  row  of  hoops, 
lection  through  base  of  C  row  of  hoops, 
ection  near  muzzle  end  of  C  row  of  hoops. 
Resistance  of  nnhooped  portion  of  gun. 

ommary  table  of  values  of  constants  and  results  of  compntations. 
•ongitadinal  resistance. 

Section  over  breech  of  tube. 
Changes  in  length  of  tube  and  jacket  due  to  shrinkage. 

The  shrinkages  to  be  used  in  the  actual  constructiou  of  this  gun*form 
he  principal  part  of  the  subject,  these  shrinkages  being  so  arranged  as 
o  give  a  maximum  value  lor  the  resistance  of  the  gun  to  an  interior 
iressare,  except  at  certain  points  within  the  length  of  the  hooping 
rhere  a  satisfactory  resistance,  less  than  the  theoi*etical  maximam,  may 
ie  utilized,  and  where  this  factor  becomes  subservient  to  other  necessary 
ODsiderations  involved  in  the  construction. 

We  begin  with  the  gun  already  designed,*  and  having  the  form  and 
iiniensions  given  in  the  figure.  (See  plate.)  The  compntations  here- 
with depend  upon  those  fixed  dimensions  and  the  constant  values  rep- 
esenting  the  physical  qualities  which  have  been  deteimised  for  the 
letals  to  be  used  in  the  construction  of  the  gun  by  extended  tests  of 
pecimens  taken  from  the  steel  forgings.  For  a  complete  adjustment 
f  the  shrinkages  it  has  been  thought  proper  to  discuss  their  values  in 
en  sectional  planes  (see  plate)  intersecting  the  axis  of  the  bore  at 

*  The  design  of  ihia  gun  was  completed  in  the  Borean  of  Ordnance,  oader  the  diieo- 
km  of  the  Chief  of  Ordnance,  U.  8.  Army. 
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right  angles  through  the  hooped  portion  of  the  gan.  The  section  of  the 
powder  chamber,  being  the  most  important,  is  tirst  considered,  and  the 
remaining  sections  are  taken  up  in  the  order  given  hereafter. 

Advantage  is  taken  of  the  practical  knowledge  obtained  in  the  ex- 
perimental hoo])ing  test  of  a  compound  cylinder  representing  the  cham- 
ber section  of  this  gun  (see  Notes  on  the  Construction  of  Ordnance, 
No.  32),  namely,  the  formulas  here  used  are  the  same  as  those  whidi 
gave  such  satisfactory  results  in  that  test;  and,  having  in  view  the 
degradation  of  the  physical  qualities  of  the  hoop  metal  snbseqneut  apon 
that  test,  we  here  use  appropriately  reduced  values  from  those  repre- 
senting the  extreme  elastic  properties  of  the  hoop  metals,  and  maket 
greater  reduction  for  the  outside  hoops  than  for  those  which  have  an 
exterior  support  in  the  structure. 

The  methods  of  computation  nsed  are  an  extension  of  those  given  in 
Notes  on  the  Construction  of  Ordnance,  No.  31.  Wishing,  however,  to 
avoid  the  intricate  solution  of  the  pi'oblem  for  '^finding  the  maximam 
pressure  that  can  be  supported  (and  all  the  conditions  of  state)  in  t 
gun  assembled  (or  assumed  to  have  been  assembled)  wiih  arbitrary 
shrinkages,"  as  given  in  Part  II  of  that  Note,  we  have  here  been 
enabled  to  substitute  abridged  methods  of  solution  by  considering 
primarily  the  afate  of  the  system  at  rest.  This  is  the  state  of  the  system 
which  is  actually  involved  in  the  construction  of  the  gun,  and  through 
the  formulas  given,  supiwsing  a  given  compound  cylinder  actually 
assembled  with  known  shrinkages,  we  may,  by  measuring  the  actual 
compression  of  the  bore  of  tube  from  the  original,  arrive  at  a  com- 
plete solution  of  the  condition  of  the  sjstem  for  any  state  whatever. 
Keadily  obtainable  data  is  thus  made  available,  which  is  not  so  if  the 
theoretical  discussion  be  Hunted  to  a  consideration  of  the  state  of  action. 
The  pressures  incident  to  the  state  of  action  are  available  only  to  be 
considered  as  theoretical  values  which  should  produce  a  certain  theo- 
retical etiect.  We  assume  always  that  the  theory  is  true,  but  we  now 
wish  to  abridge  the  methods  of  computation,  and  at  the  same  time  bM 
them  upon  data  which  becomes  of  practical  application  in  the  c^ae  oft 
gun  or  compound  cylinder  already  assembled. 

The  discussions  will  be  found  strictly  confined  to  the  priucipki 
enunciated  by  Clavarino,  page  7,  Notes  on  the  (Construction  of  Orduanoe, 
No.  C},  viz  :  ^^  The  cylinder  must  be  cx)nsidered  as  having  reached  (be 
limit  of  elasticity  when,  from  the  effects  of  all  the  forces  acting  apoo 
any  one  of  its  tibers,  it  undergoes  an  elongation  or  a  contraction  eqad 
to  that  which  takes  place  in  the  mechanical  tests  respectively  of  trae* 
tion  and  com))ression  ;  ^  that  is  to  say,  the  forces  acting  upon  the 
elementary  cylinders  composing  a  section  of  the  gun  will  be  limited 
so  that  their  combined  effect  shall  not  produce  an  elongation  orooa- 
traction  of  any  liber  in  ex<;ess  of  the  safe  limits  determined  for  such 
dis])lacements  by  the  mechanical  tests  of  the  metal.  The  system  wifl 
therefore  be  arranged  to  work  within  the  elastic  limit  of  the  element 
ary  cylinder  which  is  most  severely  strained  in  each  separate  aectioa* 
In  this  gun  the  tube  will  l>e  found  to  constitute  the  vital  cylinder  (as 
regards  tangential  resistance)  until  we  pass  forward  into  the  D  andO 
rows  of  hoops,  where  the  hooping  becomes  relatively  light  for  ihjB  tnbe 
and  the  tangential  resistance  of  the  gun  becomes  dep'ndeot  apoB^ 
suitable  working  tension  for  the  outside  row  of  hoops.  Throughoattto 
whole  of  the  hooited  portion  of  the  gun  the  tnbe  will  be  fonnd  fhflO* 
retically  weakest  under  radial  compression ;  that  is,  it  will  reach  lihB 
elastic  limit  in  this  <lirection  before  the  full  elastic  tangential  trrtonrtit 
of  the  cylinder  is  developed.    The  same  is  true  of  the  ji   k^exeepl  hi 
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the  threaded  portion  near  its  muzzle  end,  whilst  on  the  other  hand  the 
safety  limit  for  all  the  hooi)a  is  first  reachi^l  under  the  tangfential  ten- 
sion to  which  they  will  be  subjected  with  the  system  in  action. 

FORMULAS. 

Taking  the  general  case  of  four  cylinderH,  if  the  system  be  considered 
in  action^  the  pressures  which  determine  the  elasiic  limit  of  the  sepa- 
rate elementary  cylinders  in  the  combined  system  will  be  derived  from 
the  following  (see  formulas  [27J  Notes  on  the  Construction  of  Ordnance, 

No.  7) : 

p,    =  -  ^/IC7^\'!1^'  i  for  the  fourth  cylinder. 


P.('>  = 


3(K3g-lV)  ^2+5  1VP3 


for  the  third  cylinder. 


P  (2)  «3_(R3— 1^,"^)  Pa  +  3  1^3^  P^  3 
"  4  1V-1V  • 


(1)     .    .     .\  PAD  ^3  (R',-Ki')  ^1+  5  R,'  P, 

4  K,«+Ki« 

3(R,«-Ri*)p,+  3R,«P, 


for  the  second  cylinder. 


Pi^«>  = 


Po^»> 
Po<'^ 


4R,*+R,* 

3(Ri'-Ro«  ^o-f5Ri'Pi 
4K,«+Ro' 


^  3  (R,'-  Ro»)  Po+  3  R|«  P^ 
4  Iti^-Ko' 


for  the  first  cylinder. 


The  system  being  supposed  assembled,  the  values  for  variations  of  the 

Eressures,  or.  for  the  transmitted  pressures  which  vary  in  unison,  will 
e  derived  from  the  following  general  equations  of  equilibrium  here  re- 
duced to  their  simplest  forms  [see  formulas,  page  18,  Note  7] : 

C 5  R,«  E3  (R4'-R3') ^  _^^ 

^'-Ea  (R4'-R3*)  (41V+R3*)-1-1^,  (R3*-R,»)  (4R,*+R3«)P«-^^> 

(2)]  « 5  R,«  E,  (R3'-R,') ^, 

'^  ^-E,(R3"-R,')4Ri*+R,«)+E,(lV-Rf)[(4R3'+R/)-5R3'a]^^-'^i^i 

5  Rq^  E|  (R/-R|') _ 

l^'-  E,(R.«-Ri«)  (4Ro'+Ri*)+  Eo(Ri''-Ro')[(4R^'+Ri')— 5R,«6]^«-^» 

If  in  the  last  of  the  above  equations  we  substitute  p^=—Po,  or  the  value 
of  the  internal  pressure  derive<l  from  formulas  (1),  we  will  obtain  the 
relief  of  pressure  on  exterior  of  tube  upon  the  supposition  that  the 
system  has  been  assembled  with  shrinkages  com])uted  from  the  set  of 
values  Po,  Pi,  P„  and  P3,  and  that  the  state  of  action  has  been  changed 
to  that  of  rest.  The  pressure  on  exterior  of  tube  for  the  state  of  rest  or 
the  initial  compression  is  theu  given  by  the  algebraic  sum  Pi+i>i,  in 
which — 

(3) i?i  =  o-Po 

4625  ORB ^23 
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The  elastic  limit  of  tlio  tube  in  the  state  of  rest  will  be  exceeded  if 
that  sum  is  greater  than 

(4) ^v.+p.)J.^■^l^B. 

and  in  that  case  the  shrinkage  values  above  indicate<l  woald  be  too 
great,  an<l  the  original  values  l\  P„  &c.,  may  not  be  taken. 

The  value  for  the  internal  pressure  which  will  pre8erve  unimpaired 
the  elasticity  of  the  tube,  both  for  the  stiite  of  action  and  of  rest,  will 
be  obtaineil  from  the  following:* 

fK^  p  _         24  IV  (Ri'-lV)  Po 

and  the  dependent  value  for  P^  from  the  following  [equation  (4)  Part  L 

Note  31]: 

Equation  (5)  may  be  used  for  determining  the  limiting  value  of  the 
internal  resistance  whenever  the  tube  constitutes  the  vital  cyliuder^t.e^ 
when  the  elastic  resistance  of  the  gun  section  is  limiteil  by  that  of  the 
tube.  And  such  value  of  P^  with  the  dependent  value  of  Pj  trom  equa- 
tion (())  will  be  used  as  the  adjusted  values  for  these  pressures  with  the 
system  in  action.  The  original  values  for  P,  and  P3  may  or  may  not  be 
readjusted,  depending  upon  circumstances.  They  cannot,  however,  be 
increased,  since  they  represent  the  maximum  values  possible  for  dioee 
pressures. 

For  the  special  case  where  the  initial  compression  of  the  tube  for  the 
system  at  rest  is  given,  the  value  for  the  internal  pressure,  which  wiB 
determine  the  elastic  strength  of  the  tube  for  the  state  of  action,  will  be 
derived  as  follows:  Designating  this  pressure  by  P/,  we  have  tnm 
equation  (3) 

P,"=P,+p,=P,-oP, 

from  which 

(7) P,=P/+cPo 

which  being  combined  with  the  last  of  equations  (1)  gives: 

,Qx  p_(3R,*-lV)Pb+3R/P/ 

^^^ ^*^~  ~(4  R,«-E;«)  3-R7^ 

in  which  P^^  is  equal  to  Pi+/>i*  Rnt  the  value  of  the  internal  reststanee 
thus  determined  may  be  found  incompatible  with  the  safety  of  oneer 
more  of  the  outer  cylinders,  and  in  that  Ciise  will  require  further  malt^ 
fication. 

The  initial  com])ression  of  the  system  refers  to  the  values  of  tfaaMf- 
eral  normal  pressures  in  the  state  of  rest. 

Call 

Pi  +  ;>i  =  Pi'  l\  +  1>2  =  P/  P3  +  J>3  =  P3' 


*TluM'qiiHti(>n  i8<leriv«Hll)y  coiiibiniii;;  the  value  of  Pi  from  eqnation  (4)  wilh 
from  (Miuation  (3),  Not*'  31 ;  it  prenupposes  that  the  tube  will  fail  under  ladlal 
preHsion. 
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The  values  of  Po,  Pi,  Pg,  and  P3  being  known,  those  of  P/,  P2',  and 
P3'  will  be  derived  as  follows : 

(9)  .    .    .    pi  =  —  c  Po  P2  =  —  hpi  p3  =  —  ap2 

(10)  .    .  P/  =  Pi  +  p,        F2'  =  P2  -h  P2       P3'  =  P3  +  1^3 

Or,  conversely,  if  we  have  given  the  values  Pi',  F2',  and  P3',  those  of 
Pi,  P2,  and  P3  will  be  derived  by  the  use  of  equations  (9)  in  connection 
with — 

(11)       .       Pl   =   Pi»~Pi  P2   =   P2'-1^2  P3  =   P3'-1>3 

The  shrinkages  will  be  the  same  whether  computed  by  the  values  of 
the  pressures  incident  to  the  state  of  action  or  those  belonging  to  the 
state  of  rest;  the  use  of  the  latter,  however,  abbreviates  the  work  and 
enables  one  to  make  a  more  ready  adjustment  of  the  shrinkage  values 
in  case  of  necessity. 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state 
of  action,  we  have  the  following  formulas: 

/ 1 9^  (4  Ro»  +  Ri^)  P^ -^  5  Ro^  Po  ,  (4  R2^  +  Ri^)  Pi  -  5  R,^  P2 

(i^)    .     ^1-         3(Ri»  — lV)Eo         "^  3(R2*  — Ri2)Ei 

n ^^  -  (4R|»+R2^)P2  -  5  Ri»  (y  .  (4  R^^+Ra^)  P2-5  Ra^Pa 

(lii)   .    ^-  3  ^j^2  _  R^2)  El  +  3  (R32  —  B2^)  B2 

in  which 

,^.      _  5  Rq^  El  (R2»  —  Ri")  Po  +  5  R2^  Eq  (Ri«  —  Rp^)  P2 

(14)  g  -  —1)1-   ^^  (R,2_  R^,)  (4  ^2  +  B^2)  ^  E^  (K^2_  K,2)  (4  Ro*+^i2) 

/15X  ^  _(4  R,^+R3^)  P3-  5  R,V    4  (R4'+R3')  P3 

\     '     '     '     '    "^    '      3o(R3*  — R2*)E,       ■^3(R4'-R3')E3 

in  which 

(16)/=-!),= 

5  Ri'  E,  (R3'  —  R^')  d+5  Ra*  Ei  (R,«  —  Ri«)  P3 

Ei(Ri«-R,*)  (4R3»+R,«)+E,  (Rg'-R,*)  [(4  Ri«+R,«)-5  RjV 

with 


(17) 


^a= 5B,'Ei(B.'  — Bi')P, 

Eo  (K,'-Ko')  (4 1{.'+B.')+E,  («,'- Ri')(4  K,'+Bi') 

, 5  B,'  E.  (Bi'—  Bq') 

*  -E.(Bi'— R,') (4 B,'+B,')+  E, (B,'— B,') (4Bo'+B,') 

Tbe  second  members  of  equations  (12),  (13),  and  (15)  may  be  replaced 

collectively  or  separately  by  the  respective  quantities -gi  >  -w>  jnd  -4-,  if 

we  use  the  values  P3,  P,'",  and  Pi'",  or  either  of  them  as  originally  de- 
duced by  the  application  of  formulas  (1)  (see  middle  of  page  6,  Kotes  on 
tbe  construction  of  Ordnance,  No.  7). 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state  of 
rest,  we  have  the  following  formulas : 

n»\  «,  _(4  R.*+R.')  p/_l(4  B.'+Bi')  Pi^-5  B.'P; 

^     '    '    '   ^'~3(R,'  — B,')Eo'^         3(B,>  — B.»)E, 

n  9^        «,  -  (4  B,'+B,')  P,'-  5  B.' j>/  .  (4  Ba'+B.')  P/  -  5  B,'  P,^ 
^     '   '    ^'  3(B,'  — B,')E,         +  3  (Rs*  —  B,»)  E, 
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in  which 


3(IV-IV)E, 


+: 


3(IV-1V)E3 


(21)  .    .     .    <P2 
in  which 

(22)  2V=K^(KV-u;ij (4  K3i+  K^^^  IV)ll4lV+lV)-5  R/6']*^' 

and  in  this  h'  is  the  equiviUent  of  the  fnuitional  coefficient  of  P/  in  eqni- 

tion  (2(h. 

Ill  the  above  equations  tlie  shrinkajjes,  repreftented  by  <pi,  ^and^ 
may  be  eonsitlered  as  the  unknown  quantifies,  or  if  they  be  jfiven  will 
any  one  of  the  reniaininjr  (piantities  I*/,  I*/,  iV»l>/i  ^r  P/i  these  latter, 
sni)pose(l  unknov^n,  may  all  be  <leterniined. 

Tlirou;;h  this  nietlKxi,  if  we  have  ^nven  the  shrinkages  actually  aiii 
in  tlie  ronsti'uetion  of  a  ^nn,  and  have  ineasured  the  compreaaiouof  thi 
bore,  a  coni)>lete  analytical  discussion  of  the  constructiou  may  be  loaife 
The  equation  involving  the  compix'ssion  of  the  bore  enables  na  to  dedM 
the  value  of  P/;  thus  if  in  equation  (4)  we  place 

JR 


we  find 
(23)     . 


yOb= -^^  '^  Eo  and  (P.+ji.)^'>=  P/. 


Then  equations  (18)  to  (22),  the  valnes  of  P/  and  P,^  mi^  be  dediMB^ 
and  with  these,  through  equations  (8),  (9),  and  (11),  we  may  paaatotti 
values  of  the  pivssun's  that  the  system  will  supiMirt  in  action.      • 

The  tangential  compression  of  the  l>ore  is  an  important  factor  !■  til 
adjustment  of  the  shrinkages.  Knowing  the  physical  qaalities  of  til 
tul>e  metal,  and  guided  by  other  considerations,  we  can  in  generally 
sume  an  appro]»riate  value  for  this  factor  in  a  theoretical  discnasionari 
thence  derive  the  value  of  P/  from  ecpnition  (23).  We  may  thenoepi^ 
Ceed  to  determine  the  appropriateness  of  any  given  setof  ahrinkagnli 
tlie  section  of  the  gun  under  consideration,  as  in  the  practioed  inetbii 
described  almve.  In  the  ;:un  of  which  we  treat,  fur  example,  we  wirik 
to  preserve  the  shrinkages  fur  each  cylinder  or  row  of  hooiM  as  neailf 
alike  as  possible  for  given  lengths,alttiougli  the  radii  of  the  elementtf 
Qlinders  in  the  sections  considered  may  be  different;  again,  whilst  air 
niitting  all  possible  tangential  compressitui  of  the  bore  in  the  aectHNitf 
tlie  povvdcr  eliamber,  we  wish  this  C4impivssion  to  show  a  curve  of  gni* 
nal  decrease  from  the  chamber  section  forwanl  until  it  passes  to  notUaf 
upon  emerging  from  umler  the  hooped  portion  of  the  gun. 

If  Pi^  the  exterior  pressure  upon  the  tube,  l>e  given,  the  taogeatid 
compression  of  the  bore  for  the  state  of  rest  becomes  known  frooitll 
following  equation,  derived  Ironi  (23),  viz : 


(24) 


J  K„  5  K,»  P,' 

iio  3  (IV-RoTEi 


Witli  1*0  iind  Pi  knowu,  the  tangential  extentdon  of  the  bon 
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state  of  action  will  be  derived  from  the  following  (page  13,  Notes  on  the 
Construction  of  Ordnance,  No.  G) : 


(25) 


Eo  -         3  (Ki-^-Ho*)  Eo 


and  the  radial  compression  of  the  wall  of  tube  by  means  of  the  follow- 
ing (page  14,  same  Note)  : 

.96\  ^J^o     (4Ri2-Ro«)  Po-3  Ri^^Pi 

^^  ^ dKo  *         3(Ri'-Ro')Bo 

To  deduce  the  working  tension  of  the  outer  hoop  when  P3  is  known, 
We  have,  from  the  first  of  formula  (1),  the  following: 

(27) ^3=(ilV+H3^)  Pj 

The  corresponding  tangential  tension  will  be  proportional  to  the  safli 
tension  and  corresponding  extension  as  originally  determined  by  the 
tests  of  detached  specimens.* 

If  the  shrinkages  are  computed  by  formulas  (12)  to  (17)  inclusive, 
which  apply  to  the  state  of  action,  we  will  obtain  from  the  two  terma 
which  compose  the  second  members  of  equations  (12),  (13),  and  (15)  the 
numerical  values  of  the  displacements  of  metal  which  occur  at  the  con- 
tact surfaces  of  the  elementary  cylinders  for  the  state  of  action;  the  first 
term  stands  for  the  tangential  compression  of  the  exterior  surface  of 
the  inner  cylinder  (an  extension  if  the  value  is  negative)  and  the  sec- 
ond term  for  the  tangential  extension  of  the  interior  surface  of  the  outer 
cylinder,  On  the  other  hand,  if  we  compute  the  shrinkages  by  formu- 
las (18)  to  (22)  inclusive,  which  apply  to  the  state  of  rest,  the  numerical 
values  of  the  two  terms  which  compose  the  second  members  of  equa- 
tions (18),  (19),  and  (21)  will  represent  the  corresponding  displacements 
of  metal  for  the  state  of  rest.  Each  shrinkage  is,  in  either  case,  equiv- 
alent to  the  algebraic  sum  of  the  displacements  named,  an<l  such  alge- 
braic sum  is  theoretically  the  same  whatever  may  be  the  state  of  the 
system  considered.  Again,  the  second  terms  of  the  equations  named 
may  be  used  separately  to  find  the  state  of  strain  existing  at  the  in- 
terior surface  of  any  one  of  the  elementary  cylinderseither  for  the  state 
of  action  or  of  rest. 

APPLICATIONS. 

Section  over  powder  chamber, 

|Ob=<9o=22.143  pi^  61=20  ^2=24.28  ^3=22.32 

£0=0.0016  £,=0.001445  £2=0.0017  £3=0.0015026 

Eo=Bi=13,840  E2=E3=14,28G 

Bo=4.76  Ei=7.0  R2=±:ll  R3=  13.15  R4=15.75 

First  values  for  the  normal  pressures^  system  in  action. — By  applying 
formulas  (1)  we  obtain: 

P3  =  4.3185  tons  per  square  ipch. 
P2^*^=  9.2492  tons  per  square  inch. 
P,  *'=17.6493  tons  per  square  inch. 
Po<»=25.0843  tons  per  squ^ire  inch. 

•  The  precediuit  formnlas  apply  generally  to  a  (M)iiipoiin«l  cylinder  composed  of  fonr 
elemf*iitary  cylinders,  bnt  the  system  of  notation  emphiyed  admits  of  tbt-ir  reatly  ap- 
plication to  a  smaller  nomber. 
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Values  for  variations  of  pressure^  system  assembled. — By  applying  fw- 
inulas  (2)  we  obtain  : 

P2=ap2;  log.  a=(9.6167878)» 
2h=bpi'y  locr.  6=(9.42156()3). 
Pi=epo',  log.  c= (9.0109467). 

Trial  value  for  initial  compression  of  tube. — By  applying  formalas  (3) 
aud  (4)  successively  we  find: 

Pi=— c  Po=  — 10.24'4  tons 
Pi+/>i  =  17.r)493-10.24l4=7.408 

Honce,  tbe  excess  of  the  ])ressure  npon  the  tube  system  at  rest  wonft 
be  0.24  of  a  ton  per  square  inch  if  we  should  adopt  the  first  valaesof 
Po,  Pi,  P2?  »wd  P3,  as  above. 

Safe  value  for  tJie  infernal  pressure. — Applying  formula  (5),  we  obtiiB  « 
a  value  for  Po  which  will  insure  the  safety  of  the  tube  for  all  states  of 
the  svstem,  viz : 

Po=24.7741 

aud  the  dependent  value  of  Pj  from  equation  (6)  becomes : 

Pi =17.2827. 

The  original  value  of  P2  and  P3  being  safe  for  the  hoops,  we  may  pr^ 
serve  th(Mn,  remarking,  however,  that  the  effect  of  this  will  be  toiucreaae 
the  relative  value  of  the  two  outer  shrinkages  (P®  and  Pi  having  beet 
reduced),  but  the  resistance  of  the  jacket  cylinder  to  compression  will 
be  calle<l  into  play  to  protect  the  tube  from  overcompression  in  the  state 
of  rest. 

The  shrinkages  computed  for  (he  state  of  action. — Using  the  values  te 
the  ))ressures  indicated  above  and  applying  formulas  (12)  to  (IT),  is- 
elusive,  in  which,  since  P2  and  P3  retain  their  original  values,  we  mil 

rv^place  the  second  nien^bcrs  of  equations  (13)  and  (15)  by  -Jj^  and  ^ 

respectively,  we  find : 

ip,=-0.0003r)3G8+0.001209G2=0.00085594 
log.  (/=(1.1607037) 

<^>2= — 0.0(K)2057G+0.0017=0.001494 
log.  a' =(9.821 6482);  log.  r/= (0.92 13601) ;  log. /=  (0.7532028) 

<;^>3=  — O.m)026i>34+0.0015G25=O.OOI  2972 

Pressures  incident  to  the  state  of  rest. — We  n*tain  the  last-named  valiM 
for  P^,  Pi,  P2,  and  P3,  and  by  applying  formulas  (9)  find: 

2)i  =  ~10.1145  |>2=-2.67  j>3=-1.104M. 

and  from  formulas  ( 10) : 

lV=Pi+/>i  =  17.2827  -10.1145  =7.1682 
IV  =  !%+;>,=  9.2492  —  2.67  =ii.5792 
1V  =  P3H.;),=  4.31864-  1.10484=3.21362 

The  value  of  P/  represtMiting  the  pressure  acting  on  the  exterior  of 
the  tube  is,  as  it  should  be,  the  same  as  the  value  of  ( Pi +jhy'' derived 

by  a]»plying  equation  (4). 

*  Ti>  ab^ireviate  the  work,  tin*  valiii's  of  <iu:intitie8  will  freqaentiy  be  as 

their  hi^arithnis  written  in  bracketH. 
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The  shrinkages  computed  for  the  state  of  rest — Substitnting  the  values 
found  for  Pi',  P,',  aud  P3'  in  equations  (18)  to  (22),  inclusive,  and  reduc- 
ing, we  find : 

^1 = + 0.00090939  -0.00005345 =0.00085694 

log.  i?/= (0.6398213). 

^,=+0.000340073+0.00115416=0.001494 

log.  6' =(9.821 6482);  log.  i?/= (0.4764026). 

^3=  +0.0001344+0.0011628=0.0012972 

or  the  values  for  the  shrinkages  are  identical  with  those  obtained  by 
the  preceding  method. 

To  illUvStrate  the  significance  of  the  numerical  values  composing  the 
two  terms  of  each  of  the  shrinkage  values  as  before  indicated,  we  may 
write  from  them  the  following,  which  represent  the  tangential  displace- 
ments of  the  fibers  of  metal  expressed  in  thousandths  per  linear  unit: 


At  exterior  of  tube -0. 90939 

At  iDterior  of  jacket -0.05345 

At  exterior  of  jacket —0. 340073 

At  interior  uf  iuner  hooD    -.  -+-1. 15416 

At  exterior  of  inner  hoop i  —0. 1344 

At  interior  of  outer  hoop |  +1.1628 


System  at 
reat. 


System  in 
action. 


+0. 35368 
--1.2(»96'i 
- -0.20576 
--1.70 
- -0.26534 
- -1.5625 


The  negative  values  represent  compressions  and  the  positive  values 
extensions;*  where  the  sign  of  the  first  term  in  the  values  (cp)  was  posi- 
tive it  becomes  changed  to  negative  and  the  reverse. 

Action  of  the  bore  of  tube, — We  have  P/=7.168  tons,  and  by  formula 
(24)  find  that  the  tangential  compression  of  the  bore  in  the  state  of 
rest  is : 

JRo 


Ko 


'=-0.0016 


or  the  same  value  as  that  which  we  have  assumed  to  be  safe. 

For  the  state  of  action  with  Po=24.774  and  Pi=17.283,  the  tangential 
extension  of  the  borie  derived  from  equation  (25)  is: 

"^=0.0010754 

Finally,  for  the  radial  compression  of  the  wall  of  the  tube  in  the  state 
of  action,  equation  (26)  gives : 

^^=-0.0016 
dKo 

which  is  again  the  same  value  as  that  assumed  to  be  safe  from  the  re- 
sults of  tests  of  detached  specimens  of  the  metal,  and  we  perceive  that 
the  svMtem  is  arranged  to  work  so  that  the  tube  is  compressed  to  its 
elastic  limit  in  the  state  of  rest,  and  in  the  state  of  action  will  be  able 
to  support  an  interior  pressure  of  24.774  tons  per  square  inch  without 

•The  above  values  represcMit  the  actual  changes  from  original  (limensioiiH^  except 
for  the  exterior  of  Jacket  and  inner  hoop,  for  which  the  valm^s  represent  the  changes 
from  dimenHions  **  prepared  for  shrinkage."  To  ob-tain  the  actual  state  of  change 
from  the  original  for  these  two  exterior  surfaces  we  must  take  into  consideration  the 
extension  induced  by  the  original  assemblage  of  each  of  those  cylinders. 
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passing  its  elastic  limit.  Under  tlie  same  circnmstances, also,  theebuth 
limit  of  none  of  tlie.  remaining  elementary  c.vliuilers  will  beezceeti«d,« 
is  shown  by  the  tabnhited  vahies  preceding.  If  we  wished  to  examiiM 
the  action  of  the  jacket  in  resi>ect  to  radial  compreasion,  system  in  a^ 
tion,  equation  (2G)  would  be  applied  with  the  proi)er  changes  of  notation, 
but  in  this  gun  the  jacket  will  not  be  eodaugered  in  that  way. 

Section  under  trunnion  hoop. 

Po=^o=22.U3  pi=^i=20  ^,=24.28  0!i=16.O 

fj,=0.001(;  fi=0.00l445        f,=0.0017  ^3=0.0014933 

B^=E,  =  13,840  E,=  14,280  £3=  10,714 

R^=j.O  Ri=7.0  1^=11.0  ^3=13.15  K4=l&38 

Firtit  values  for  the  )ionna  I  pressures^  system  in  action. — By  formnla8(l): 

P3  =  3.074  tons  per  square  inch. 
P,<'-=  8.50^52  tons  per  square  iucli. 
Pi^*-  =  17.07085  tons  [)er  square  inch. 
P^(''=20.1247    tons  jwr  square  inch. 

Variations  of  pressures,  system  assembled, — By  fornialas  (2) : 

|>3 = «;>,  log.  fr = (0.5882426) 

p^^bpi  log.  6 =(9.4074906) 

2h=epQ  log.  c=  (9.4460755) 

Trial  value  for  initial  compression  of  tube, — By  formulas  (3)  and  (4): 

Pi=^€  P^,=  -7.2007  P,+i>i= 17.07085-7.2967=9.78 

(P,  +  2>iV»  =8.9475 

hence,  the  dangerous  excess  i:s  equal  to  0.8325  of  a  ton  per  sqnare  in<A. 
Value  for  the  internal  pressure  based  on  safety  of  tube. — By  formala(5): 

Po=25.14373 
and  the  dei)endent  value  for  Pi  from  equation  (0)  becomes 

Pi  =  l.').lM)82 

Remarking'  the  relative  weakness  of  the  trunnion  hoop,  we  mast^  be- 
fore adoptin;;  a  tinal  value  for  P^,eonsiili>r  what  will  l)e  the  effect  upon  tlM 
trunnion  ht»op.  WV  retain  tht^  first  values  tor  l\  ami  P3  which  are  csl- 
culati'd  to  deveh)p  the  full  elastic  strength  of  Imth  the  hoop  cylinderSi 
and  srek  a  suitable  vahie  for  tht'  [>ressureu(K>n  the  interior  of  the  tmn- 
nion  hoop,  system  at  rcsr,  and  tiu'refrom  determine  what  shrinkage  thai 
hoop  will  brar. 

Pressures  ineitlent  to  the  state  of  rest, — Retaining  the  values  last  dedaoed 
for  Pq  and  Pi  with  the  original  vahies  of  P,  ami  P3,  we  find  by  fonnolsi 
(9): 

pi  =  —  7.05005  ;),  =  — 1.80187  i>3  =  —  0.698172  and  by 

formulas  (10): 

P/=P,+;),  =  15.0082  — 7.0.5065=8.9475 
17=  P,H-;;,=  8.50:52—  1.80187=0.76i:« 
lV=P3+/>;»=  '5.074  — 0.tJ98172=2.9758 

WluMiee,  witli  tlie  systeni  at  rest,  tlie  trunnion  hoop  may  bear  an  In- 
terior pressun*  of  2.1)7r)8  tons  per  squan^  inch.  What  in  this  case  wiD 
be  the  value  of  1^3?    This  is  readily  determined  by  e^uiputiug  the  shrink- 


^.   •tfi      „•   _ 
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age  for  the  state  of  rest,  siuce  P3'  is  the  single  UDknowD  quantity  in  the 
equations  to  be  used. 
From  equation  (20)  we  find : 

log.  b'  =  (9.8899142) 

and  from  equations  (22)  and  (21) : 

log.  K  =  (0.4527687) 

and: 

9?,  =  0.(K)010736  +  0.0012095  =  0.0013169 

This  value  is  so  near  the  corresponding  one  (0.0012972)  deduced  for 
the  chamber  section  that  we  may  adopt  the  latter,  and  thus  favor  also 
the  trunnion  hoop.  Preserving,  moreover,  for  simplicity  of  construc- 
tion, the  remaining  shrinkages  found  for  the  chamber  section,  what  will 
be  the  state  of  the  system  at  rest  and  what  interior  pressure  will  this 
section  support  in  the  state  of  action  ! 

The  values  for  the  shrinkages  are  as  follows : 

^1=0.00085594  (6.9324433) 
^,=0.001494  (7.1743506) 
9?3=0.00 12972     (7.1130069) 

The  pressures  in  the  state  of  rest  induced  by  these  shrinkages  will  be 
found  as  follows : 

By  substitution  and  reduction  equation  (21)  becomes: 

(a)  ^=(7.1130069)=[(6.4701352)  P3'  — (6.4343765)  i?,'J+ (6.6090165)  P, 

The  value  b'  deduced  from  equation  (20)  and  substituted  in  (22)  giveS) 
after  reduction : 

(b) 2i/=(9.9791550)  P3' 

and  by  combining  equations  (a)  and  (b)  we  deduce: 

?,'=  2.8313. 

with  P3'  and  g?,  given  by  a  similar  reduction  and  combination  of  equa- 
tions (19)  and  (20)  we  obtain : 

IV  =  6.45884 

and  with  P/  and  (pi  given,  we  find  from  equation  (18) : 

Pi =8.2931 

Final  value  for  the  internal preftsure, — With  P/  known,  the  application 
of  equation  (8)  gives  the  following  value  for  the  internal  pressure,  which 
will  determine  the  elastic  strength  of  the  tube.     We  find: 

Po=24.55145 

The  remaining  pressure  for  the  sj'Stem  in  action  will  now  be  found  by 
applying  equations  (9)  and  (11) ;  whence  : 

jPi=  —  oPo=— 6.85729     /?,;=—%=  —1.75244     |?3=  — op,  =  —  0.633703 

and 

P,=P/— Pi=8.2931  +6.S5729  =15.15 
P,=P/—|),=6.45884+ 1.75244  =8.21 
P3=  P3'— p3=2.9313  +0.633703=3.565 

The  values  present  a  uniform  reduction  from  the  first,  which  were  ob- 
tained by  the  direct  application  of  formulas  (1). 
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^Vor1iing  fcnsion  of  the  trunnion  hoop. — With  1*3=3.565  this  tension  wiB 
be  less  tliiin  the  value  assumed,  and  by  fonnuhi  (27)  we  find  : 

^3=15.525  tons  per  square  inch. 

Tangential  compression  of  the  bore  oftubes^  system  at  rest — With  P/= 
8.2931,  formula  (2  0  gives : 

-J^o=— 0.001483 

The  preceding  adjustment  of  the  shrinkages  and  pressures  for  thii 
section  gives  a  sutHcient  value  for  the  internal  resistance  and  obriatei 
unnecessarj'  strains  for  the  state  of  rest. 

SECTION   IN   FRONT   OF   POWDER   CHAMBER. 

Pq=^o=-^-143     Pj=^,=20  ^,=24.28  ^,=22.32 

,-^=0.0016  f, =0.001445  f,=0.(Mn7  ^3=0.0015025 

E^=E,=13,840  B,=E3=14,286. 

Ro=4.0  K|=7.0  R,=11.0  K3=13.15  K4=15.75 

This  section  being  between  that  of  the  powder  chaml>er  and  trunnion 
hoop,  we  should,  if  practicable,  use  the  same  shrinkages  as  for  those 
two  sections.  We  may  then  examine  the  state  of  the  system  at  rest  and 
the  pressures  which  it  will  support  in  action  if  assembled  with  the 
shrinkages. 

(^, =0.00085504  </>,=0.(M)1494  c^/, =0.00 12972 

Variations  of  pressure^  system  assembled. — It  becomes  necessary  foru 
examination  to  first  determine  these  values.  The  first  two  are  the  same 
as  for  the  chamber  section,  and  the  third  is  found  by  applying  the  last 
equations  (2),  whence  we  obtain : 

P2=ap^  log.  a=(9.6167878) 

p^=bpi  log.  6= (9.4215603) 

p^=(p^  log.    c=(9.4490326) 

Pressures  incident  to  the  state  of  rest. — Tliese  values  will  be  found  u 
in  the  similar  the  case  for  trunnion  hoo]>  section.  The  value  of  V  de- 
rived from  equation  (20)  and  substituted  in  (22)  gives  an  equation  to 
combine  with  equation  (21).  The  resulting  equation  contains  the  single 
unknown  quantity  IV?  and  we  obtain : 

IV =3.20014 

Then  with  P:/  and  qP  given,  the  combination  and  redaction  of  equa- 
tions (19)  and  (20)  gives: 

1V=6.77226 

and  with  P,  and  </>i  given,  we  find  from  equation  (18): 

P/=8.53816 

Pressures  incident  to  the  state  of  action. — ^The  remainder  of  the  ele* 
mentary  cylinders  will  su]q>ort  all  that  the  tube  cylinder  can  beaTf  and 

for  this  latter,  by  ai)plying  equation  (8),  we  find  : 

I>„=24.871 

Equations  (9)  and  (11)  serve  to  determine  the  remaining  valnea,  vii: 

/)!=-(  P„=-7.<MKi7  p,=  -ftpi=- 1.8488 

j>3=  —rt7)j= —0.705035 
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and 

Pi=P/-|?,=8.53816+7.0037  =15.542 
P,=P/  -/>,=(>.77li26+ 1.8488  =  8.621 
P3=P3'-;>3=3.26014+0.765035=  4.025 

The  value  for  the  internal  resistance  is  suitable  ;•  it  is  a  little  greater 
than  that  deduced  for  the  chamber  section. 

Working  tension  of  the  outer  hoop, — We  have  P3=4.025  tons,  and  by 
applying  equation  (27)  find  : 

(93=20.806 

which  is  less  than  the  corresponding  tension  (22.32  tons)  for  the  outer 
hoop  of  the  chamber  section. 

Tangential  compression  of  the  bore  of  tube,  system  at  rest — With 
Pi'=8.63816,  formulas  (24)  gives  : 

^j^"= -0.0016268 

Section  near  breech  of  tube, 

yQ,=^o=22.143  pi=^i=20  ^,=24.28  (93=22.32 

eo=0.0016  fi =0.00 1445  ^2=0.0017  ^3=0.0015626 

Eo=Ei=13,840  E,=E,=  14,286 

Ro=4.75  Ri=6.5  R,=11.0  R3=13.15  R4=16.76 

First  values  for  the  normal  pressures,  system  in  action. — The  values 
P3  and  P,  will  be  the  same  as  for  the  chamber  section,  and  for  the 
others  we  apply  formulas  (1) ;  whence : 

P3=4.31846  P,=9.2492  Pi(«)=18.2964  Po^»^=24.7674 

Variations  of  pressure,  system  assembled. — By  applying  fonnulas  (2) 
(log.  a  having  the  same  value  as  for  the  chamber  section)  we  find  : 

P3^ap2  log.  a=(9.6167878) 

Pi=bpi  log.  6=(9.3432590) 

Pi=cpo  log.  c=(9.6892642) 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4) : 

l>i=  —  cPo=  — 12.11  Pi +i>i  =  18.2964— 12.11=6.1864 

(Pi+Pi)  *  =6.19083 

or  there  is  a  slight  excess  on  the  side  of  safety,  so  that  we  may  use  the 
first  values  for  the  normal  pressures. 

Pressures  incident  to  the  state  of  rest — By  formulas  (9)  and  (10) : 

Pi^—c  Po=— 12.11  ;>2=—6pi=— 2.66934 

|>3=—  ap2=  — 1.10457 
and 

Pi'=Pi+p,=18.2964  —12.11       =6.1864 
P2'=P2+p2=  0.2492   —   2.66934=6.67986 
P3'=P3+i>3=  4.31846—   1.10457=3.21389 

Valu€  of  the  first  shrinkage. — With  the  given  values  of  P/  and  Pj'  we 
find  by  formula  (18) : 

^=0.00100283  —  0.00022232=0.00078051 


*By  the  direct,  application  of  fonnulas  (1)  we  would  find  Po^'')  =  26.65  tons  per 
sqoare  incfa. 
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Further  exainiimtion  would  show  the  values  of  ^  and  oi^  to  be  at 
the  other  haud  slightly  larger  than  the  correspouding  values  for  the 
chamber  section,  but  tliey  may  be  used  with  propriety  as  they  stand. 

We  have  then  to  examine  the  condition  of  the  section  if  assemtded 
with  the  following  shrinkages,  viz  : 

^1=0.00078051  ^,=0.001494  ^=0.0012972 

Pressures  incident  to  tlie  state  of  rest. — Under  these  new  conditions  the 
values  of  P3^  P/,  and  P/  will  be  found  as  in  the  two  preceding  cases  bj 
applying  formulas  (22)  to  (18)  inclusive,  whence  we  obtain: 

P3'=3.2137  P/=6.578G8  Pi'=6.18415 

Pressures  incident  to  the  state  of  ac/ton.— Since  the  value  P/  is  slightly 
reduced,  that  of  l\  will  also  be  reduced  from  the  first  value ;  and  since 
the  values  P/  and  P3'  are  also  smaller,  we  know  that  those  of  Ft  and 
P3  will  not  reach  the  tirst  values  with  P©  acting;  hence  whatever  prens- 
ure  the  tube  can  support  will  be  safe  for  the  s^'stem.  By  fonnnla  (8) 
we  find : 

Po=24.7(>4 

and  through  formulas  (9)  and  (11) 

Px=  -c  Po=-12.1084  />j=-ftpi= -.2.06898 

;>3= -rt^2=— 1.10442 

Pi=Pi'-p,  =0.18415+ 12.1084  =18.293 
P.=Pa'-/>2=6.57868+  2.66808=  9J24S 
P3=P8'-j>3=3.2137  +  1.10442=  4.318 

or  the  values  for  the  normal  pressures  in  the  state  of  action  are  pra^ 
tically  the  same  as  the  first  values. 

Tangential  compression  of  the  bore  of  tube^  system  at  rest — ^With  P/  a 
6.18415,  equation  (24)  gives  : 


K 


0  = —0.0015983 


Action  of  the  interior  of  jacket. — With  the  system  in  action  the  jacket 
cylinder  may  be  subjected  to  the  pressures  Pi  =  18.293  and  Ptss9.248| 
under  which  the  tangential  extension  of  its  interior  would  be  [lust  term 
of  equation  (12)] : 

J  K,      (4  H,=  +  Kr)  P,  - 5  IV  Pa      ^  ^.^«« 

With  the  system  at  rest  the  *riven  shrinkages  will  produce  a  tangen- 
tial compression  of  the  interior,  which  we  find  by  snbstitnting  the  val* 
nes  of  IV  an<l  IV  tor  Pi  and  1%  in  the  equation  above  [or  nae  the  last 
term  of  equation  (18)],  whence: 

^,J^»  = —0.000222 

The  above  values  show  t'ne  ranjre  of  the  movement  of  interior  of  jacket 
from  one  extreme  state  of  the  system  to  the  other. 

Section  around  the  breech-screvt. 

f)^  =  ^0  =  20  ^1  =  24.28  fft  =  22.32 

f„  =0.001445  f,  =0.(M»17  f,  =  0.0015835 

h\,  =  1 3,S4()  K,  =  F:,  =  14,280 

Ro  =  5.5  Ki  =  11.0  K2  =  13.15  B3S  15.75 
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The  jacket  constitutes  the  interior  cylinder  of  this  section ;  the  pow- 
der pressure  does  not  act  within  it,  and  the  normal  pressure  produced 
by  the  rearward  pressure  of  the  breech-block  on  the  inclined  face  of 
the  thread  will  be  relatively  small  in  amount.  The  shrinkages  will 
then  turn  principally  upon  the  pre^ures  incident  to  the  state  of  rest 
and  the  tangential  compression  of  the  fibers  at  the  inteiior  of  jacket  or 
bottom  of  threads  and  sectors. 

In  this  case  we  have  a  system  composed  of  but  three  elementary  cyl- 
inders, and  in  place  of  formulas  (1)  we  use  the  following  to  find  the  val- 
ues of  the  normal  pressures  calculated  to  determine  the  elastic  limits  of 
the  elementary  cylinders  of  the  combined  system  for  the  state  of  ac* 
tion,  viz : 


{ 


Pi= 


3  (Rj*  —  Rj*)  fft 


"R  *  -4-  K.  *  I  ^'^^  ^^^  third  cylinder. 


P  (.)_3(R,»— il,')6^,  +  5R»«P, 
'  4  1V+R/ 

(28)  .    .   ^    p,     3(B.^— R,^)A  +  3B.»P. 

'  ~  4R,»  — K,» 


for  the  second  cylinder. 


p  ,„     3  (B,*— R,*  6,  +  5  Rj*  P, 
p  ,     3(Bi«— R,«)  /3P+3R.*P,  5 


for  the  first  cylinder. 


And  for  the  variations  of  pressure  in  the  assembled  system  in  place 
of  foi  mnlas  (2)  we  have  the  iolluwlug : 

P' -  B,  (Ba*- B,»)  (4  Ri«  +  K,«)  +  E, (K,«— B|«)  (4  E,»+  B^r'  =  ^ 


(29) 


5  B «  B,  (B,«-B|«) 


'^  =E.(B,«-B,«)4B,«+B|«)+E,(ki«-1V)[(4B.«+B,«)-6B,»&]1'*-^ 

First  values  for  the  normal  pressures^  system  in  action. — The  pressures 
which  the  system  under  the  full  ]>ortion  of  the  double  hooping  would 
8upiK)rt  in  action,  derived  from  formulas  (28),  are  as  follows: 

P,=4.31846  P, =9.2492  P^^ =19.3993 

in  which  P,  and  P,  are  the  same  as  P,  and  P,  for  the  chamber  section. 

Vufiations  of  pressure^  system  assembled. — By  applying  formulas  (29) 
we  find : 

j>,=fc»pj  log.  ft={9.6167878) 

Pi=cpo  log.  c=(9.l744059) 

in  which  the  coefficient  h  has  the  same  value  as  a  for  the  chamber  sec- 
tion. 

Trial  value  for  initial  compression  of  jacket. — ^By  formulas  (3)  and  (4) : 

;?,=-(?  Po= -2.8986 

P/=  Pj+p, =9.2492-2.8986=6.3506 

or  the  excess  on  the  side  of  safety  is  about  2.65  tons  per  square  inch| 
and  we  may  use  the  values  already  found  for  Pi,  P|,  and  Pf 
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Pressures  incident  to  the  state  of  rest, — We  have  Pi'=6.3506,  and  from 

formulas  (9)  and  (10): 

l?,=:-&Pi= -1.1995  P,'=P,  + 1>,=4.31846-.  1.1995=3.11902 

The  shrinlage^  computed  for  the  skite  of  rest. — Applying  formulas  (18), 
(19),  and  (20)  whilst  placing  P3'=0,  we  find 

<^j=0.0(X)4079  +  0.(K)1 1074=0.0015153 
</;,=0.00015353  +  0.(K)1 12853=0.00128206 

These  values  differ  but  little  from  the  corresponding  ones  (^  and  <p^ 
for  the  chamber  section,  so  the  latter  may  be  substituted  for  them.  We 
have  then  to  discuss  the  state  of  rest  for  the  shrinkage  values. 

<^i=0.(K)1494  ^,=0.0012972 

Pressures  incident  to  the  state  of  rest. — Placing  P,'=0  in  equation  (19), 
reducing  and  combining  with  equation  (20),  we  find 

IV =3.155835 

Then,  with  P/  and  cpi  given,  the  solution  of  equation  (18)  gives 

P/=r).33424 

Tangential  compression  of  interior  of  jacket^  system  at  resU — With  P/ 
given,  we  find  from  formuhi  (24) 

-j^°= -0.0010171 

This  would  l>e  the  maximum  compression  at  the  interior  of  the  breech 
recess  under  the  full  double  hooping  if  we  usetl  the  shrinkages  last 
named.  In  the  adjacent  section  (through  breech  of  tube)  if  was  found 
that  with  the  full  elastic  resistance  (Po=24.764)  developed,  the  tangen- 
tial extension  of  the  Ulnars  at  the  interior  of  jacket  would  be  0.0012iS. 
Hence,  if  we  should  use  the  shrinkages  the  total  effect  at  angle  in  jacket 
near  breech  of  tube  might  reach  the  sum: 

0.001233  X  0.001017=0.00225 

which  considerably  exceeds  the  elastic  extension  of  the  jacket  metal ; 
and  it  would  seem  best  to  lighten  the  shrinkage  of  hoop  B],  in  order  to 
reduce  the  tangential  com))ression  at  the  interior  of  jacket  in  thereoess 
next  base  of  tube. 

Assume  that  the  tangential  compression  at  interior  of  jacket  as  above 
shall  be  limited  to  the  value: 

Eetain  the  shrinkage  (/>i =0.001494  for  the  two  inner  hoops;  then  what 
should  be  the  shrinkage  for  hoop  B,oT     We  have,  equation  (24): 

-Ti  '=-0.00075=  .,  ,;v  »-i.V.^ 

1^0  3(1V  — Ro*)Eo 

whence : 

P/ =4.67076 

and  with  P/  and  r^i  given,  we  find,  through  formula  (18) : 

IV =1.31 73 
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With  the  values  P/  and  P,'  given,  and  P3'=0,  the  required  shnnkage 
for  hoop  Bjo  is  found  tb rough  equations  (19)  and  (20) : 

^=0.00006484+0.00047662=0.0005415 

The  shrinkage  values  for  the  double  hooping  over  the  breech  recess 
are  then : 

^ = 0.001494  ^=0.0005416 

involving  a  tangential  compression  at  the  interior  of  jacket,  as  above, 
equal  to  0.00075.  The  total  effect  at  the  angle  in  jacket  may  then  reach 
the  sum: 

0.001233  +  0.00075=0.001983 

which,  although  still  in  excess  of  the  safe  limit  for  the  jacket  metal 
under  extension,  may  not  be  considered  unsafe,  and^  moreover,  will  be  re- 
duced by  whatever  tangential  extension  of  the  interior  fibers  of  the  jacket 
is  occasioned  in  this  intermediate  recess  by  the  powder  pressure  forward 
and  the  normal  pressure  transmitted  by  the  block  to  the  screw-thread 
and  tending  to  extend  the  interior  of  the  jacket  at  its  rear.  The  ad- 
justed shrinkage  for  hoop  Bio  is  slight,  but  this  shrinkage  may  be  made 
heavier  toward  the  rear,  where  the  hoop  is  thinned,  and  the  hoop  will 
be  firmly  retained  in  place  during  the  service  of  the  gun.  The  shrink- 
age for  the  rear  portion  of  hoop  Bg  will  be  lightened  to  approach  the 
value  (^,=0.0005415. 

Effect  produced  by  the  single  hoop  ^i,. — This  hoop  is  to  be  assembled 
with  the  uniform  shrinkage  used  for  the  remainder  of  the  row.  The 
tangential  compression  produced  at  the  interior  of  the  jacket  under  the 
full  portion  of  the  hoop  is  found  through  equations  (18)  and  (24).  We 
have  ^1=0.001494;  hence: 

Pi'=3.47893  4^=—  0.00065862 

which  compares  favorably  with  the  compression  in  the  forward  portion 
of  the  recess. 

This  completes  the  discussion  of  the  tangential  strains  in  the  reinforce 
of  the  gun,  and  we  pass  next  to  the  portion  forward  of  the  trunnion 
hoop. 

Section  through  base  of  hoop  Ai. 

Pb=  ^0=22.143  />i= 6/1=20  (9,=23.0 

£0=0.0016  £,=0.001445  f,=0.00161 

Eo=Ei=13,840  B,=14,286 

Ro=4.0  Ri=7.0  R,=11.0  R,=15.0 

First  values  for  the  normal  pressures,  system  in  action. — By  applying 
formulas  (28)  we  find  : 

P,=6.40142  P,(,)= 15.2729  Pot2)^24.6514 

Variations  of  pressure,  system  assembled. — By  formulas  (29) : 

Pt^bpi  log.  6=(9.3602597) 

Pi=cpo  log.  c=(9.4351419) 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4) : 

i)i=—cPo=— 6.71403 
Pi' = Pi  +pi = 15.2729  —  6. 7 1403  =  8.65887 
and: 

(Pi +i?i)  ^^^=8.0476 
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Whence  the  safety  excess  is  equal  to  0.3886  tons  }>er  sqaare  inch,  and 
we  may  use  the  vahies  alreaily  determined. 

Pressurest  incident  to  the  state  of  rest — Wo  have  Pi'=d'.55887,  and  from 
formulas  (9)  and  (10) : 

j),=— &;>,=— 1.539  IV=P'+1?*=6.40142— 1.539=4.86227 

The  shrinkaoes,  computed  for  the  state  of  rest. — Placing  Ps'sO,  and  ap- 
plying formulas  (18)  to  (20)  iiidusive,  we  find: 

</>,=0.O0O7O59+0.0O0542=0.0012479 
</;,=0.000lH:G32+0.00121il>9=0.0014  92 

Tangential  compression  of  hore  oftube^  system  at  rest. — With  the  shrink* 
ages  j;iven  above  and  Pi'=8.558iS7,  we  tind,  by  formula  (24): 

^^^»=— 0.0015305 

I'o 

Tlie  ])ressnre  on  exterior  of  tul>e  and  compn^ssion  of  bore,  Bvstem  al 
rest,  would  thus  t*xceed  thecorresponding  values  H.293  and  0.0iui449for 
the  adjact^nt  trunnion  h(M»p  section.  The  first  shiinkage  i:s  also  greater 
than  for  that  sertitui,  and  it  is  not  desirable  to  have  it  so.  Let  us  theft 
assume,  in  order  to  retain  a  uniform  shiinkage  along  the  jacket: 

The  first  shrinkage : 

<^=0.0(K)85594 

and  the  tangential  compression  of  bore: 


K 


-0.00126 


What,  then,  will  be  the  pressures  incident  to  the  state  of  rest,  the 
value  of  the  second  shrinkage,  the  elastic  resistance  of  the  aectioo  to 
an  interior  pressure  and  the  working  limit  of  the  outer  hoop  with  the 
system  in  action  f 

"  Presaures  incident  to  the  state  of  rest. — With 

^^"=-0.00125 

formula  (23)  gives 

Pi'=6.990285 

and  with  P/  and  q)i  given  we  find  from  formula  (18) : 

1V=4.7778 

The  second  shrinkage. — Placing  P3'=0,  and  applying  formulas  (19)aiil 
(20),  we  find : 

<^=(MKM)20275+0.00120165=0.0014044 


Elastic  resisfame  to  interior  pressures — pressures  for  the  state  oj 
With  P/  given,  we  obtain  1%  through  iormula  (8)  and  the  remaininf 
prcvssures  for  this  sttte  through  formulas  (9)  and  (11),  wheuoe 

P„=23.004  ;>,  =  -c  P„=-6.JG535  p,=-«!Pi= -1.43617 

P,  =  P,»-|?,=0.990285+6.20535=13.2556 

P,=  IV-;>,=  *.7778+1.436l7=6.21397 

Working  tension  of  the  outer  hoop  for  the  state  of  aeticm.^By  fiNrmols 
(27) 

e,=22.32G 

for  which  the  corresponding  tangential  extension  of  interior  liber  cmiili 

0.0015028. 
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Section  through  shoulder  of  jacket  {icithin  front  edge). 

/o^,=:  (9^=22.143  pi=6'i=20  6',=:23 

£„=0.0016  £1=0.001446  ^=0.00161 

Eo=Ei -13,840  E,=14,286 

E^=4.0  E,=7.0  E,=11.6  E3=14.64  (approximate). 

A  preliminary  examination  shows  that  it  will  be  proper  to  assemble 
this  section  with  the  same  shrinkages  as  the  adjacent  one  to  the  rear 
(through  base  of  hoop  Ai).  We  have  then  to  discuss  the  action  of  the 
system. 

It  will  not  be  permissible  to  exceed  the  allowable  pressure  for  the 
outer  hoop,  which  through  the  first  of  formulas  (28)  .we  find  to  be 

P,=6.54917 

Variations  ofpressure^  system  assembled. — By  formulas  (29) 

l>,=fepi  log.  6=(9.2552467) 

Pi=cpf^  log.  c=(9.4365357) 

Pressures  incident  to  the  state  of  rest — The  given  shrinkage  values  are 

^=0.00085694  ^,=0.0014044 

Commencing  with  the  latter  and  combining  formulas  (19)  and  (20)^ 
placing  P3'=0,  we  find  after  reduction 

P,' =4.24969 

Then,  with  P/  and  tpi  given,  we  obtain,  through  formula  (18) 

Pi' =6.70267 

Pressures  incident  to  the  state  of  action. — As  in  the  preceding  section^ 
by  applying  formulas  (8),  (9),  and  (11),  we  find: 

Po=22.723  i?i=-c  Po= -6.20863  i?,=  -6pi= -1.1176 

P,=Pi'-i>i=6.70257+6.20863=12.9102 

P,=P/-p,=4.24969+1.1176=5.3672 

Tangential  compression  of  hore  of  tuhe^  system  at  rest. — By  formula  (24) : 


Ko 


-«= -0.0011985 


Working  tension  of  the  outer  hoop  for  the  state  of  action, — By  formula 

(27): 

(?,=22.246 

for  which  the  corresponding  tangential  extension  of  interior  fiber  equals 
0.0016672. 

Section  through  front  {within  fa^)  of  jacket 

p^^=  ^,=22.143  pi=^i=20  /9,=21.8 

f^=0.0016  £1=0.001446  ^,=0.001526 

Eo=Ei=13,840  E,=14,286 

E^=4  Ri=7.26  B,=9.9  R3=12.65 

4626  OED 24 
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First  valines  for  the  normal  pressures^  tystem  in  aclAan. — ^By  fbnnetai 

(28): 

P,=6.49467  Pit^>=12.18956  P«<'>s22.3986 

Varxation9  of  pressure^  system  assembled. — By  formulas  (29) : 

i?,=fepi  log.  ft==(9.4993706) 

l?i = cp^  log.  0= (9.3593267) 

Pressures  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10): 
l>i=— 0  Po=— 5.12329  i?,=—6pi= -.1.61774 

and 

Pi'=Pi+jii=:12.18956-6.12329=7.06627 
P/=P,+i?,=  6.49467-1.61774=3.87693 

The  shrinkages  computed  for  the  state  of  rest. — By  formulas  (18),  (19)^ 
and  (20),  with  P3'=0. 

1=0.0005426+0.0006581=0.0012007 
^=0.0001845+0.0010767=0.0012612 

These  values  are  not  snitable.  The  jacket,  where  it  is  threaded,  wOl 
not  perform  the  calculated  work,  and  the  shrinkage  of  the  D  hoop  shooid 
be  relatively  increased.  It  is  desirable,  moreover,  to  retain  a  unifixB 
value  for  the  8hrinkap:e  of  the  jacket ;  we  may  then  assame  9»i  to  be  flu 
same  as  for  the  preceding  sections  and  deduce  a  new  value  for  9^  ^^dl 
will  decrease  the  theoretical  resistance  of  the  section,  because  Uie  tai- 
sion  within  the  D  hoop  '*  at  rest "  will  be  increased. 

The  most  direct  method  for  making  the  a^ustment  required  will  be 
to  assume  a  minimum  (allowable)  value  for  Pq,  find  the  pressure  troM- 
mitted  to  the  D  hoop  for  the  state  of  action,  and  thus  deduce  the  pren- 
ure  allowable  for  it  in  the  state  of  rest.  The  construction  will  be  ssft 
if  we  take  Po=18  tons ;  the  powder  pressure  in  this  section  will  not  read 
this  figure,  and  moreover,  even  in  that  event,  the  D  hoop  would  be 
strained  only  to  the  relatively  low  value,  ^$=21.8  tons. 

The  assumed  conditions  then  are : 

Po=18.0  ^=0.00085594 

Pressure  transmitted  to  interior  of  D  hoop  system  in  octiofw— >By  OOB- 

bining  the  first  two  of  equations  (9)  we  obtain : 

l?,=—c6  Po 
whence  with  Po=18, 

2?,=— 1.30008 

PrcHSures  incident  to  the  state  of  rest, — We  have  already  found  fhat  P| 
may  equal  5.41)467  tons ;  then,  formulas  (10), 

I%'=r,+  p,=5.49407- 1.30008=4.1946. 

and  by  formula  (18)  with  IV  and  ^  given,  we  obtain: 

Pi' =6.22678 

The  second  tshrinlage. — By  formulas  (19)  and  (20),  with  P/^0, 
have: 

^,=0.0001096+0.0011649=0.0013645 


p 
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Tangentuit  compression  of  bore  of  tube,  syi^fem  at  rest.  —By  fonnala  (34) : 
-0.001078 


We  have  aaaumed  a  comparatively  low  value  for  Po  as  above,  espe 
cially  witb  reference  to  an  atljastment  of  the  shrinkages.  This  valae 
for  Po  will  develop  a  tension  in  tbe  outer  hoop  eqaal  to  21.8  tons,  bnt 
will  not  develop  the  elastic  strength  of  the  tube.  Having  Pi'=6.22678 
tons,  the  elastic  strength  of  the  tube  would  be  developed  only  in  case 
Po  reached  tbe  value  to  be  found  by  applying  formula  (8) ;  whence; 
Po=21.fl63  tons. 
The  shrinkages  reniaiuing  the  same,  we  iind  by  formulas  (9)  and  (11) 
that  the  remaining  prGssure  in  the  state  of  action  would  then  be  as 
follows : 

pi=—a  Po=-4.03215  p^=-bp,= -1.55742 

then 

Pi =P,'—jj,= 6.22678 +4.93215=11.15893 
P,=P,'_p,=4.1946  +1.55742=  5.75202 

But  if  P,  equals  the  above  value,  the  tangential  tension  in  the  D  hoop 
for  the  state  of  action  as  fonnd  througb  formula  (27 )  becomes : 

^,=22.82  tons, 
or  about  1  ton  per  square  inch  greater  then  the  value  at  first  assumed. 
However,  the  tension  22.83  tons  cannot  be  considered  excessive  for  the 
meta)  of  this  hoop,  and  we  may  adopt  the  value  Pu=21.o63  tons  to  rep- 
resent the  tangential  rosistauce  of  this  section  of  tbe  gun. 

Section  through  middle  of  D  row  of  hoops  {outside). 

/),=(»„ =22.143  pi=(?i=23.5  ^,=21.8 

fo=0.0016  (,=0.(101645  (,=0.001626 

Eo=13,840  Ei=^,=14,286 

B(,=4  El =7.875  E,=9.9  R3= 13.325 

First  values  for  the  normal  pressures,  system  inaction. — By  formulas  (28)  t 

P,=4.9952  Pii"=10.98  Poi"=21.9748 

Variations  of  pressure,  system  assembled.— ^Bj  formnlas  (29) : 
p,=bj)i  log.  6=(9.5790730) 

Pi=cpo  log.  c=(9.2421317) 

Pressures  incident  to  the  state  of  rest. — By  fonualas  (9)  and  (10): 
Pi=—c  Pq=— 3.8376  p,=-bpi=-l.^59 

-And 

P,'=P,+jii=10.9S     —3.8376=7.1424 
P,'=P,+p,=  4.9952— 1.4559=3..'i393 

The  shrinkages,  computed  for  the  state  of  rest. — By  formnlas  (18),  (19), 
»d(20),  wlthPs'=0: 

^1  =0.0004711 + 0.000978 =0.001 4491 

^=0.0001 668 +0.0010812 =0.001248 
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Tangential  compression  of  bore  of  iubej  system  at  rest* — ^By  fommla  (21): 

4?"= -0.0011692 

These  results  are  ansatisfactory  in  several  respectB.  The  first  duUk- 
age  is  unnecessarily  heavy ;  the  pressure  on  tube  in  the  state  of  rat 
and  also  the  compression  of  the  bore  is  greater  than  for  the  a4JaeeBl 
section  to  the  rear.  A  preliminary  examination  shows  that  a  shrinkap 
value,  ^=0.001,  is  \i'ell  adapted  to  the  assemblage  of  the  whole  Ciof 
of  hoops  (single  and  double  hooping).  To  deduce  the  value  for  tki 
second  shrinkage  in  this  section  (double  hooping)  we  will  assume  thit 
the  D  row  of  hoops  shall  be  subjected  to  a  tangential  tension  of  2U 
tons  when  the  pressure  in  bore  of  gun  amounts  to  17.75  tons  per  squan 
inch. 

The  conditions  are  then  as  follows : 

991=0.001  6',=20.6  Po=17.75 

Limiting  pressure  for  D  hoop^  system  in  action, — ^If  ^,=20.5,  we  find, 
formulas  (28) : 

P,=4.69732 

Pressures  incident  to  the  stateoj  rest. — WehaveP,=17.75,  and  find  P| 

as  in  the  preceding  section,  viz : 

j?,=  _  eft  Po=- 1.176 
then 

P/=P,  —|?,=4.69732— 1.176=3.5213 

The  value  of  Pi^  is  obtained,  with  P/  and  tpi  given,  by  formnla  (18) 
whence 

P,' =5.8562 

The  second  shrinkage. — By  formulas  (19)  and  (20): 

^,=0.0001659+0.0010757=0.0012416. 

Tangential  compression  of  bore  of  tube^  system  at  re«t.*-By  formnla  (24) 

^3=0.00095032 

Having  obtained  suitable  values  for  the  shrinkages,  it  may  readily  be 
shown  that  whilst  retaining  these  values  for  the  assemblage  the  sysM 
will  safely  support  a  greater  interior  pressure  than  17.75  tons,  wUd 
gives  the  low  value  ^,=20.5  for  the  tangential  tension  of  the  outer  hoQfb 

With  the  pressure  Pi'=5.8552  tons  upon  the  exterior  of  tabe,  ^ystaa 
at  rest,  that  cylinder  would  safely  support,  formnla  (8),  the  fioUowim 
interior  pressure : 

P„=20.775 

and  the  remaining  pressures  in  the  state  of  action,  formulas  (9)  and  (11)^ 
would  then  be  as  follows : 

pi=  —  0  Po=  —  3.628075  jrt=  —  6pi=  —  LS7641 

then 

P,=Pi'  — pi=5.8552+3.628075=9.483 

P,  =  P,'  — j),=3.5213+1.37641=4.8977 

with  this  value  for  P,  we  find,  formula  (27) : 

^,=21.374 
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which  represents  the  tangential  tension  at  interior  of  D  hoop  for  Pg= 
20.776 ;  hence  it  is  seen  that  the  system  can  safely  support  the  intenor 
pressore  just  named.  It  is  not  necessary  to  examine  into  the  behavior 
of  the  middle  cylinder,  because  the  pressures  Pi= 9.483  and  P2=4.8971 
are  seen  to  be  safe  when  compared  with  the  first  values  deduced  for  the 
normal  pressures,  system  in  action. 

Sectian  through  hose  of  0  row  of  hoops  (single  hooping.) 

/j^^=«^=:22.143  (9,=23.0  fo=0.00160  fi=0.00161 

]^=13,840  Ei=:14,286  Ro=4.0  Ei=7.876  K,=10.376 

In  this  and  the  succeeding  section  we  have  a  system  composed  of  but 
two  elementary  cylinders. 

The  maximum  values  for  the  normal  pressures  which  the  elementary 
cylinder^  will  support  in  combination  are  derived  fix)m  the  following : 

T>         — V?>»  .  1^9      >  for  the  second  cylinder, 
■t  1     =    4  R/  +  Ki^      C 

^^^ ^Po<"=  TW+R?  Ifor   the   first 

3  (B,»-B,)p,  +  3Bi'P,  \     cylinder. 
^  Po'"  =—       4  B,*  -  B» \ 

And  from  the  general  equations  of  equilibrium  for  the  system,  to  ex- 
press the  variations  of  pressure  in  the  assembled  system  for  changes  of 
state,  we  have : 

^1)    .    .  i>i-  B^  (Ri»-R^2)  (4  K,2+R^2j+E^  (R,2-Ri^)  (4  V+Ei»=^o 

First  values  for  the  normal  pressures^  system  in  action. — By  formulas  (30): 

Pi    =6.39112 
Po(2)= 18.2959 

Variations  of  pressure,  system  assembled, — By  formula  (31): 

Pi  =  ep^  log.  c=  (9.1196966) 

Pressure  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10): 

l>i  =-.  c  Po  =  —  2.4102  Pi' = Pi  +Pi = 6.39112  —  2.4102  =  3.9809 

The  shrinkage  computed  for  the  state  of  rest. — We  have  P,'=0;  and  by 
fbrmula  (18) : 

<px  =  0.0002626+0.0010028+0.0012654 
Tangential  compression  of  bore  of  tube,  system  at  rest. — By  formula  (24): 


Ro 


-0  =  _  0.0006462 


These  values  for  the  shrinkage  and  compression  of  the  bore  are  not 
excessive,  but  wishing  to  use  a  single  shrinkage  value  for  the  whole  of 
the  C  row  of  hoops  and  considering  the  adjustment  of  the  system,  es- 
pecially the  compression  of  bore,  at  the  muzzle  end  of  this  row  (see  fol- 
lowing), we  take  the  value  already  named  as  suitable  for  the  whole,  viz: 

^1=0.001 
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The  conditdon  of  the  system  then  becomes  as  follows : 
Pressure  incident  to  the  state  of  rest, — By  formula  (18),  witii  Pa'=<l|Md 
{pi  given,  we  find, 

Pi' =3.1464 
Tangential  compression  of  bore  of  tube^  system  ai  rest — By  fommla  (81): 


Ko 


^  =  —  0.000510672 


Pressures  incident  to  the  state  of  action. — The  interior  resistance  is  liB* 
ited  by  the  elastic  strength  of  the  tube  cylinder,  which  with  P/=3.14M 
becomes,  formula  (S) : 

Po=  17.548 

and  for  the  remaining  pressure  value  we  find 

i>i  =  —cPo  =  — 2.31164 
then 

Pi=Pi'  —J9i=3. 1464+2.31164=5.458 

Tangential  tension  of  the  hoopj  system  in  action, — Substituting  the  aboTe 
value  for  Pi  with  the  necessary  changes  of  notation  in  formala  (27),  we 
find: 

f9i= 19.642 
which  leaves  the  hoop  with  a  considerable  resen^e  of  elastic  strength. 

Section  through  hoop  Cg,  at  base  of  incline. 

/o^=^=22.143  ^,=23.0  fo=^-^l^  fi=0.00161 

Eo=13,840  Ei=14,28G  Ro=4.0  Ri=7.875  B.=s9.7S 

First  values  for  the  normal  pressures^  system  in  a4ition. — ^By  formnlai 

(30) : 

Pi=5.2407  P^  ti)=i7^73e 

Variations  of  pressure^  system  assembled. — ^By  formula  (31) : 

i?i=cj?o  log.  0=  (9.050041 5) 

Pressure  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10) : 

i),=  —  cPo=  — 1.94954 
P/=Pi  +  i>,=5.2407  —  1.94954=3.29116 

The  shrinkage  computed  for  the  state  of  rest. — We  have  P/:sO;  ud 

by  formula  (18) : 

(^1=0.0002171  +  0.001011=0.0012281 
Tangential  compression  of  bore  of  tube  j  system  at  rest — ^By  finrmnla  (S4): 

—^  =  —  0.00053417 
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Since  the  compression  of  the  bore  ends  with  the  hooping,  it  is  thought 
best  to  slightly  reduce  the  above  shrinkage  value  and  compression  of 
bore,  and  \o  arrange  the  shrinkage  with  a  view  to  make  the  steps  of  the 
compression  about  equal  at  this  place  and  at  the  end  of  the  double 
hooping  to  the  rear.  The  value  <^i =0.001  falAlls  the  requirements  of 
the  case  and  enables  a  uniform  value  to  be  used  for  the  whole  0  row  of 
hoops  as  before  stated.  It  reduces  the  amount  of  unnecessary  strain 
in  this  part  of  the  gun  for  the  system  at  rest  and  provides  an  ample 
value  for  P^. 

We  then  take  ^1=0.001  and  find  the  condition  of  the  system  as  fol- 
lows : 

Pressure  incident  to  the  state  of  rest, — We  have  (pi  given  and  P/  = 
0 ;  then  formula  (18) : 

Pi' =2.6797 
Tangential  compression  of  bore  oftuhe^  system  at  rest. — By  formula  (24) : 

4^  =  _  0.00043493. 

Pressures  incident  to  the  staU'-  of  action, — The  interior  resistance  be- 
comes, formula  (8) : 

Po=16.835 

and  for  the  remaining  pressure  value 

Pi=  -cPo=-  1.8891 
then 

Pi=Pi'  —  i)i=2.6797+1.8891=4.6688 

Tangential  tension  of  the  hoop^  system  in  action. — By  formula  (27) : 

(9i=20.051 

Using  the  shrinkage  <^=0.001,  the  pressure  in  the  state  of  rest  as 
shown  above  is  P/=2.6797,  which,  formula  (27),  will  make  the  tangen- 
tial tension  in  the  hoop  at  rest  as  follows  : 

^1=11.76  tons  or  26,343  pounds  per  square  inch,  which  may  be  re- 
garded as  amply  suf&cient  to  prevent  any  loosening  of  these  hoops  in 
the  service  of  the  gun. 

Dnhooped  portion  of  the  tube. 

The  elastic  resistance  of  any  section  of  the  hollow  cone  which  forms 
the  muzzle  end  of  the  gun  is  derived  from  the  following  formula : 

iS2) p     3(Bi'~Bo')  gp 

^"^"^^ ^«        4  Bi«  -f  Bo« 

^t  the  base  of  this  cone,  adjoining  the  hoops,  we  have:  ^05=22.143^ 
Eo=4,  and  Bi=7.875.    Then,  formula  (32) : 

P^=11.676. 

At  the  muzzle  we  have  ^0=22.143,  Bo=4,  and  Bi=6.6;  hence, 

P3=:9.426 


376 


REPOBT  OF  THE  CHIEF  OP  ORDNANCE. 


The  folloviDg  table  contains  a  sammary  of  the  vataes  adopted  (ha 
the  resDlts  of  the  tests  of  detached  specimens  to  represent  the  phyaied 
properties  of  the  metals  within  the  elastic  limits,  and  also  tbeiwoUl 
of  the  preceding  compatatious  which  relate  generally  to  the  aetion  of 
the  tangential  and  radial  forces  of  the  system,  or  those  which  aetia 
planes  perpeudicalar  to  the  axis  of  the  gan ; 
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AtMOMry  lablt  of  valuet  and  reialli  of  comp»talwH» — Continaed, 
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In  the  plate  is  shown  to  given  scales  the  curves  of  velocity  and  pow- 
ler  pressure  for  a  powder  charge  of  100  ponnds  and  projectile  weigbiog 
S85  ponnds,  the  "density  of  loading"  being  taken  at  0.9;  these  compu- 
Ations  were  made  iu  the  oflQce  of  the  Chief  of  Ordnance,  TT.  S.  Army. 
The  plat«  shows  also  the  carves  of  relative  compression  of  bore  of  tube 
md  breech-recess  in  jacket  for  the  state  of  rest,  and  the  computed  elas- 
1c  resistance  of  the  gun.  The  computed  shrinkages  for  the  gnu  are 
written  in  their  appropriate  places  and  are  expressed  in  relative  and 
absolute  values. 

LONGITUDINAL  RESISTANCE  OP  THE  QDM. 

The  jacket  cylinder  is  called  upon  to  support  the  longitudinal  thrust 
leveloped  by  the  pressure  in  the  powder- chamber  when  the  gun  is  flred. 
This  pressure,  acting  upon  the  bottom  of  the  bore,  is  transmitted  through 
;he  head  of  the  block  and  the  block  itself;  first  to  the  bearing  surface 
)f  the  thread  in  the  screw  recess,  where,  since  the  pressure  acts  upon 
;he  surface  of  the  thread  stlone,  the  effect  is  such  that  the  strain  upon 
:he  jacket  is  locally  confined,  at  least  in  a  great  measure,  to  the  fibers 
\t  the  interior  of  the  jacket  or  the  bottom  of  the  threads  of  its  screw ; 
ind  second,  to  the  whole  cross-section  of  the  jacket  in  a  measure  which 
rill  approach  a  uniformity  of  strain  in  the  whole  sectional  area  on  lear- 
Dg  the  zone  of  intense  local  (interior)  strain  at  or  near  the  base  of  the 
iiread  as  above  indicated.    In  this  gun  we  have  to  consider  two  planes 
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of  weakness,  or  rather  two  places  at  which  the  longitudinal  resiatttMe 
of  the  cylinder  will  be  most  severely  tested.  The  first  follows  tiie  ban 
of  the  tliread  in  the  jacket  for  one  complete  turn  at  the  forward  portion 
of  the  thread.  The  second  is  in  the  zone  lying  between  a  plane  perpen- 
dicular to  the  axis  of  the  piece  through  the  base  of  the  spindle  head  of 
the  block  and  a  similar  plane  through  the  rear  face  of  the  tube.  This 
zone  may  be  considered  sufficiently  removed  from  the  locality  of  the 
thread  to  warrant  the  assumption  that  within  its  limits  the  longitudi- 
nal strain  thus  far  considered  shall  be  uniformly  distributed  throagh- 
out  the  cross-sectional  area  of  the  jacket. 

We  will  consider  the  longitudinal  i^esistance  in  relation  to  the  safe  tan* 
gential  resistance  of  the  gun  as  already  determined,  that  is,  instead  of 
seeking  the  extreme  elastic  longitudinal  resistance  we  must  determina 
the  amount  of  longitudinal  strain  under  the  supposition  that  the  inte- 
rior pressure  in  the  powder  chamber  is  given  by  the  value  Po=24.764 
tons  i>er  square  inch  previously  deduced  for  the  ^*  section  near  breeA 
of  tube."  The  amount  of  strain  so  determined  may  then  be  compared 
with  the  elastic  properties  of  the  metal  determined  by  the  firee  teata  to 
ascertain  if  the  longitudinal  resistance  is  within  safe  limits. 

Assuming  that  the  pressure  in  the  powder-chamber  may  reach  tlie 
value  Po=24.764  tons  i>er  square  inch,  the  total  pressure  upon  the  bot- 
tom of  the  bore  or  chamber,  which  has  a  radius  of  4.75  inches,  will  be: 

Tt  Ro'  P«=  1755.3  tons 

which  represents  the  maximum  rear  thrust  acting  parallel  to  the  azia 
of  the  piece  that  would  be  transmitted  through  the  block  to  the  bear- 
ing surface  of  the  thread  in  the  screw  recess  of  the  jacket.  Thia  pre- 
supposes that  the  gun  has  no  recoil,  and  moreover  neglects  the  force 
expended  in  compressing  the  gas  check  pad  and  the  friction  of  the  gaa 
check  against  the  wall  of  the  tube.* 

The  cross-section  of  jacket  near  breech  of  tube.  - 

It  is  assumed  for  this  cross-section  that  the  longitudinal  strain  ia  nni- 
formly  distributed  throughout  the  area.  We  arrive  at  a  valae  for  the 
strain  by  considering  the  displacement  of  the  fibers  in  the  direction  of 
the  length.  Such  displacement  is  produced  not  only  by  the  preaaore 
on  the  bottom  of  the  bore  when  the  gun  is  fired,  but  also  by  the  normal 
pressures  which  then  act  upon  the  jacket  cylinder  and  tend  to  change 
its  length.  The  following  formula  expresses  the  longitadinal  reaiat- 
ance  i)er  square  inch  in  the  cross-section  of  the  jacket  under  oonsiden- 
tion,  due  to  the  powder  pressure  in  the  bore  combined  with  the  interior 
and  exterior  normal  pressures  acting  upon  the  jacket  cylinder,  vis : 

*Tbo  discussion  relating  to  '*  the  strain  upon  the  thread"  will  ralneqiientlj  be 
printtxl  as  an  appendix  to  this  note. 

tThis  equation  in  derived  an  foUo^s:  The  expression  for  the  relatiTe  ehann  la 
leni^th  of  fiber,  from  Virgile  ( paf;e  V2j  Notes  on  the  Conatmction  of  Ordnaaoey  Ne.1)  ii : 


+  eO-M) 


In  this  we  sobstitute  : 
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The  values  previoasly  deduced  for  the  normal  pressures  iu  tbe  state 
■  action  (section  near  breeuh  of  tube)  are  as  follows : 


I 

■  P*  =  24.764  P,  =  18.293  P.  =  9.248 

^nrbjcli,  being  substituted  iu  equation  (34),  give,  b;  reduction, 

^r  Li=9.99  tons  per  sqoare  inch. 

This  is  a  comparatively  low  value,  but  it  does  not  take  into  account 
tbe  torsional  strain  iu  the  angle  of  jacket  at  breech  of  tube  due  to  the 
difference  of  tangential  displacement  of  tbe  interior  fibers  of  the  jacket 
when  the  system  is  in  action  on  the  opposite  sides  of  a  right  plane 
through  this  angle.  To  diminish  the  amount  of  this  torsional  strain 
the  simnkage  of  hoop  Bm  has  been  made  comparatively  light,  as  already 


H       r 


flHAHGBS  IN  LENGTH  OF  TUBE   AND  JACKET  DUE  TO  SHEIKKAGE. 

Theoretical  rule.*  Relative  increase  in  length  of  tube  equals  one- 
tbird  the  relative  tangential  compression  of  bore ;  and  relative  decrease 
in  length  of  jacket  equals  one-third  the  relative  tangential  extension  of 
its  exterior  cylindrical  surface. 

Confine  application  of  rule  to  changes  of  lengths  induced  by  the  as- 
semblage of  tube  and  jacket  alone  since  experimenti  has  shown  that 
when  the  hoops  are  applied  the  tube  and  jacket  will  take  up  practically 
tbe  same  increase  of  length. 

Tbe  following  is  required : 

(1)  Shrinkage  aiid  constants  given  deduce  the  normal  pressure  at 
tbe  contact  surface  due  to  the  shrinkage. 

(2)  Find  relative  tangential  compression  of  bore  of  tube  and  extett- 
Bion  of  exterior  cylindrical  surface  of  jacket  produced  by  that  pressure. 

(3)  Take  one-third  of  these  respective  values  with  a  contrary  sign  to 
express  the  relative  changes  in  length. 

The  formulas  for  application  are  as  follows : 


^t.  wbeace,  by  oombiTi&tion  witU  llie  preueding  oqiiatioD,  we  obtain  oquation  (34), 
vjj^veu above,  in  which  L|  mav  be  taken  to  repraaeuC  the  load  corresponiliiig  with  the 

eloneation  indneed,  or  it  in  tue  rcBiatauce  of  the  metal  to  elongation  which  maintaioB 

th^  eqailibrinin  of  the  forces. 

•  The  theoretical  rale  is  given  bj  Virgile.     The  formulaa  here  nsed,  vrhich  are  in 

accord  with  that  rute,  depend  upon  Ciavariuo'e  formulas  with  the  omiaiion  of  the 

factor  g=—^^^,J^-  and  naing  inBtead,  17^0. 
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First.  For  the  pressure  (see  formula  (18)  for  the  form  of  the  eqn 
tion),  P/=o): 

^"   3(Ki«-E,«)Eo     ^     3(K,«-Ri«)Bi 

from  which 

/orv  p 3  (Ri'-Bo')  Eq  .  3  (B,«-Bi«)  E|  .  tpx  

^^  •   •      '""  3  (R,'-R,«)  El (4  R,'+2  B^,)  +  3(Bi,-K,')  Jfi.  (*  JK*'  +  2B 

Second.  For  relative  tangential  compression  of  bof^  of  tabe : 

/ggx ^Rq 2  Bi*  Fi 

Bo  (Bi, — R^B*)  EiQ 

Third.  For  relative  tangential  extension  of  exterior  cylindrical  sorftfl 
of  jacket : 

tVl\  ^  -  _2Ri«Pi 

^  ^ R2    ""  (R,'-R^j:Ei 

Section  at  breech  of  tube.— With  ^1=0.000780519  we  find: 

Pi =2.0133 
^=0.00062441  J=0.000208 

-_^=0.0001661  J=0.000052 

The  chamber  section. — AYith  ^1=0.00085594,  we  find : 

Pi=2.3373 

-?'=0.00062606  i=0.0002087 

Ko 

.^^=0.0002988  J=0.0000996 

Section  from  front  of  chamber  to  rear  of  shoulder  oh  .^ocftet.— -With    ^ 
0.00085594,  we  find : 

T^=2.7352 

^^^=0.00058693  J=0.0001956 

Ro 

^^J^=0.00026901  i=0.00008967 

Section  embracing  shoulder  on  jacket. — With  9^=0.00085594,  we  0^ 

pi =2.8786 

^^=0.0006177  ^=0.0002059 

Ro 

^=0.00023824  ^=0.0000794 


EEPOET   OF   THE   CHIEF   OF    ORDNANCE. 


381 


Section  embracing  screto-thread  on  jacket, — ^With  ^1=0.00085594,  we 
find: 


Pi =2.2831 


JEo_ 


0.00047434 


^=0.0003816 
From  which  we  derive  the  following : 


^=0.000158 
^=0.0001272 


Section  of  gun. 


Length  of 
section. 


Atbieech  of  tube 

Orer  cbAmber ■ 

Front  of  chamber  to  rear  of  ahoolder  on 

jacket 

Snoalder  on  Jacket 

Screw 


Inehes. 
4.5 
41.5 

33.0 
3.0 

a5 

Totals. 


90.5 


Extension  of  tabe. 

Belative. 

Absolate. 

Thotuandtht. 
.208 
.2087 

.1956 
.2050 
.158 

Inch, 
0.000936 
0.008661 

0.006455 
0. 000618 
0.001343 

0. 018018 

Contraction  of  Jacket. 


Belatiye. 


Humtandth*. 
.052 
.0996 

.0897 
.0794 
.1272 


Absolute. 


Inch, 

0.000234 

0.004188 

0.002960 
0.000238 
0. 001081 


0.008646 


Then,  by  the  theory,  when  the  jacket  is  shrunk  on — 

The  tube  will  be  extended =0. 018 

The  Jacket  will  be  contracted =  0.0086 

Sum =0.0366 

The  hooping  experiment  of  the  chamber  section  proved  that  as  regards 
the  extension  of  the  tube  the  theoretical  rule  is  practically  correct.  With 
regard  to  the  contraction  in  length  of  jacket  the  experiment  showed  that 
it  was  much  less  than  the  rule  would  indicate.  But  the  experiment  was 
not  conclusive  on  this  point,  and  the  shrinkage  then  used  was  only 
about  one-half  of  the  present.  On  the  whole  it  is  estimated  that  the 
relative  contraction  in  length  of  the  jacket  will  in  this  case  be  about 
one-eighth  the  relative  extension  of  its  exterior  cylindrical  suriiace. 

Considering  the  distance,  S6  inches,  between  the  two  shoulders  on  the 
tube  against  which  we  wish  the  jacket  to  fit  closely  without  strain,  we 
find: 

Inches* 

Extension  of  tube =0.018013— 0.000936 =0.0171 

Contractionofjacket=|  (0.008646  — 0.000234) =0.0031 

Sum =0.0202 

Hence  if  the  finished  length  in  the  jacket  between  these  shoulders  is 
made  86  inches,  the  finished  length  on  tube  should  be  at  least  0.02  of 
an  inch  less,  or  85.98  inches. 

Note. — The  fixed  dimensions  and  allowances  prescribed  in  this  con- 
nection for  the  actual  construction  of  the  gun  are  as  follows : 

Inches. 

liOngth  of  jacket  from  front  face  to  first  shoulder 86.00 

Corresponding  length  on  tube 85.96 

Lieogth  of  short  counterbore  in  jacket 4.50 

Corresponding  length  on  tube *. 4.49 

"which  gives  a  total  allowance  of  0.05  of  an  inch  on  length  of  tube  within 
jacket  over  the  whole  length  of  90.5  inches. 

R.  BIBNIE,  Jr., 
Lieutenaut  o|  Ord.'aa'nQ^^ 
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TABLES  OF  FOROINOS  FOB  8,  10, 12,  AND  16  INCH  STEEL  0UN8. 
Bt  Lieut.  F.  E.  Hobbs,  Ordnance  Department. 

Office  of  Inspectob  of  Ordnance,  XJ.  S.  A., 

MiDVALE  Steel  Wobks, 
Philadelphia^  Pa.^  September  23, 1885. 

The  Chief  of  Ordnance,  U.  8.  Army, 

Washington,  D.  0. : 

Sir  :  In  obedience  to  yoar  instructions  I  have  prepared,  and  have 
the  honor  to  transmit  herewith,  tables  showing,  as  nearly  as  can  be  now 
determined,  the  dimensions  and  weights  of  the  forgings  required  in  the 
construction  of  8-inch,  10-inch,  12-inch,  and  16-inch  steel  guns ;  there 
is  given  also  the  rough  finished  dimensions  and  weights  of  the  forgings 
as  they  should  be  delivered  by  the  steel-makers,  and  the  approximate 
dimensions  and  weights  of  the  rough  forgings  and  the  ingots  to  be 
osed. 

Very  respectfully,  your  obedient  servant, 

F.  E.  HOBBS, 
Lieutenant  of  Ordnance. 

Forgings  for  8'inch  B,  L,  steel  gun. 


Nature  of  piece. 


Tabe  . 
Jacket 


5  oommon  hoops 
1  oommon  hoop . 
1  common  hoop  . 
1  oommon  hoop . 
1  oommon  hoop . 
1  oemjnon  hoop  . 
Tnumlon  hoop . . 


{ 


Total  weight  of  rough 
flniahedforgingB  . . . . 


I 

9 

I 

U 

o 

I 


Inehet. 

8.0 
9.5 

15.0 
10.5 


1 


23.5 

23.5 

20.25 

16.25 

16.75 

16.75 

2a  50 


Finished. 


I 
1 

I 

H 


Inches. 

S13.00) 
15.75> 
15.00) 
20.5  I 
23.5   5 


80.0 

29.5 

26.25 

20.25 

22.25 

2L50 

81.00 


s 


Inches. 
261.5 

108.25 

16.0 
9.75 
20.50 
11.75 
19.00 
19.00 
18.50 


Tons, 
4.01 

3.70 

Pounds. 

6.160 
698 

1,280 
383 
912 
772 

1,500 


Sough   finished  as  delivered  by 
steel-makers. 


I 


I 
I 


Inches. 

7.75 

C  14  75  J 
HO.  25  5 

23.25 
23.25 
20.00 
16.00 
16.50 
16.50 


S 


Inches. 
13.5  ] 
16.0 
15.25] 

23.75 


J.' 

\ 


80.25 
29.75 
26.50 
20.50 
22.50 
21.75 


i 
I 


Inches. 
264.0 

110.0 

16.25 
10.00 
20.75 
12.00 
19.25 
19.25 


Tons. 
4.70 

4.05 

Pounds. 
6,706 

772 
1,402 

442 
1,008 

865 
1,650 


82,445 


^^ 


I 
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S  OF  FOHGtNGS  FOB  8,  10,  12,  AKD  16  INCH  STEEL  G  UNS. 
By  LiicnT,  F.  E.  Hoaaa,  Ori>hju.'cr  Dkpartment. 

)ppicE  OP  Inspector  op  Ordnance,  TJ.  8.  A., 

MiDVALE  Steei,  Works, 
Fkiladelphia,  Fa.,  September  23, 1885. 
OP  Oednahoe,  V.  8.  Army, 

Washington,  D.  0. : 
obedience  to  year  instructions  I  have  prepared,  and  have 
3  trauatuit  lierewith,  tables  showing,  as  nearly  as  can  be  now 
,  the  dimensioiiB  and  weights  of  the  forgioga  required  in  the 
a  of  8 inch,  lOiuch,  12-iQch,  and  ISinch  steel  guna;  there 
0  the  rongh  finished  dimensions  and  weights  of  the  forgings 
uld  be  delivered  by  the  steel -makers,  and  the  approximate 
and  weights  of  the  rough  forgings  and  the  ingots  to  bo 

respectfally,  your  obedient  servant, 

F.  E.  HOBBa, 
Lieutenant  of  Ordnance, 
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PROPOSED  12-INCH  BREECH-LOADING  STEEL  RIFLE  40  TONS. 
BY  CAPT.  CHAS.  S.  SMITH,  ORDNANCE  DEPARTMENT 

(1    PLATE.) 
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INSPECTION  REPORT  OF  Q-INCH  EXPERIMENTAL  BANDED  CORED  SHOT. 
Bt  Libut.  William  Crozibr,  Ordnancb  Dbpartmbnt. 

December  2, 1884. 

Sib  :  I  have  tlie  honor  to  submit  herewith  inspection  report  of  8-inch 
experimental  banded  cored  shot: 

The  bands  were  applied  as  represented  in  the  accompanying  blue 
print,  except  that  the  grooves  in  some  of  the  projectiles  are  only  .1  inch 
deep.  These  are  marked  with  a  small  "s''  after  the  number  desig- 
nating the  character  and  position  of  the  band. 

The  bauds  were  hammered  into  place  by  hand,  those  which  gave  the 
best  results  having  been  first  finished  to  proper  section  and  then  bent 
in  a  press  until  they  would  pass  into  the  grooves.  With  the  narrow 
ones  the  bending  was  omitted  and  a  shallow  groove  was  cut  in  the  under 
side  of  the  band  to  facilitate  the  flow  of  the  metal  into  the  undercut 
portions  of  the  grooves  in  the  projectiles. 

In  obedience  to  your  instructions,  I  determined  the  center  of  percus- 
sion of  the  shot,  exclusive  of  the  head,  with  reference  to  a  transverse 
axis  intersecting  the  axis  of  the  shot  at  the  base  of  the  head.  This 
point  I  first  found  by  calculation,  determining  separately  the  values  of 
the  expressions  Svr^  for  the  different  geometrical  solids  composing  the 
X>ortion  under  consideration,  thus  obtaining  v'Jcf*.  To  obtain  these  sep- 
arate values  I  usckI  the  formulas  Svr^^/ny'jifcLv  and  v'k*^=v'{kji*+cP)y 
the  volumes  all  being  of  revolution  about  the  axis  of  the  shot  taken  as 
the  axis  of  X.  The  separate  volumes  determined  similarly  from  the 
formula — 

gave  by  summation  the  value  of  F,  from  which  and  the  values  of  v'k^' 
above,  k  was  determined.  The  position  of  the  center  of  gravity  was 
found  in  the  usual  manner  by  equality  of  moments,  and  the  length  of 
the  equivalent  simple  pendulum  by  the  formula 

e     ""e 

with  the  result  l=7/'33=distance  of  center  of  percussion  desired  from 
axis  of  suspension.  In  the  above  calculations  the  density  and  diameter 
were  considered  uniform,  the  latter  8'',  which  assumptions  were  per- 
missible in  view  of  the  ^necessity  for  obtaining  the  required  position 
with  suflScient  accuracy  only  to  insure  its  being  included  within  the 
band.  ,,^i 

It  having  subsequently  become  necessary  to  cut  up  one  of  the  pro- 
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jectiles,  the  same  point  was  determined  experimentally  by  vibrating  the 
portion  considered,  using  the  formula — 


.60» 


in  which — 


l=length  sought. 

P=8imple  second  pendulum  at  Watertown  Ar8enal=s3.25981  feet 
n=numbcr  of  vibrations  in  one  minute=138. 


^Resulting  in  the  value — 


P=7".43 


CM  greater  than  the  one  above,  as  was  to  have  been  expected  fkt>mthe 
assumptions  m.tde. 

To  determine  the  specific  gravity,  using  much  larger  fragments  than 
can  be  weighed  on  the  delicate  scales  usually  employed  for  that  par 
pose,  I  first  tried  the  onlinary  method  of  weighing  in  air  and  in  water  a 
piece  of  the  cylindric^il  portion,  weighing  about  50  pounds.  Bat  the 
weighing  apparatus  not  being  sufficiently'  accurate  to  give  satisfactorr 
results,  I'took  a  piece  which,  by  a  little  work,  was  given  the  form  of  a 
simple  volume,  and  weighcnl  it  with  the  following  results: 


1  of  Piece, 


A  B=  7."909 
O  D=  3.'a86 
BE=    3.''461 

>=s  142.443  cubic  inches. 


Subtracting  volume  of  two  small  holes= 


t?^=.9713  r-.ri=  Y=141.4717 

W=     ^    36.9839  pounds. 

Specific  gravitv=S=,y  ^-.,1I^_ 

log.  w=  i.r)«759r> 

log.  1728=  3.237544 

rt.  c.  log.  V=  7.849331 

a,  c.  log.  02.355=  8.205129 


20.859600 
20. 

log.  S=     .859600 
S=7.237 


I  make  tlio  following  computation  of  the  volume  of  the  shot  UBtog 
for  the  ogival  parts  the  formula  and  numbers  given  in  Table  IX  ftom 
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Volume  of  head  (up  to  true  base  of  ogival)  =  H  .3  log.  D  +  log.  c  = 
log.  H. 

Log.  D  (=7''.97)  =        .901458  , 

3 


2.704374 
log.  c=      1.700573 


log.  H  =      2.464947 

H=  291.70  cubic  inches. 

Volume  of  cylinder  in  rear  of  true  base  of  ogival  =  0  =  ;r  E*  x  9.38. 

Log.  R  (=  'f  =  3.965)  =    .598243 


1 .196486 

log.  9.38  =    .972203 

log.  7r=    .497150 


log.  C  =  2.665839 
C  =  463.27  cubic  inches. 

Volume  of  hemispherical  part  of  core  =  §  ;r  r^  =  P. 

Log.  r  (=  1.75)  =    .243038 

3 


.729114 
log.  7t  =  _.497150 

log.  ?  =  log.  .6666  =  1 .823865 


log.  V  =  1.050129 
P  =  11.22  cubic  inches. 

V'olume  of  ogival  part  of  core  considered  as  complete  =  o. 

Log.  0=3  log.  d  +  log.  c 
Log.  rf(=  3.5)  =  .544068 

3 


1.632204 
c  by  interpolation  =  1.0876        log.  c  =    .036470 

log.  0  =  1.668674 
0  =  46.63  cubic  inches. 
H  =  291.70 
C  =  463.27 


754.97 


P  =  11.22 
0  =  46.63 


57.85  57.85 


697.12 
Adding  .88  cubic  inches  for  head 
of  plug  and  very  small  parts 
neglected  at  end  of  core  and 
head  of  cylinder 88 


V  =  698.00  cubic  inches. 
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Dedaciug    the  specific  gravity  necessary  to  give  the  estabUiM 
weight,  180  pounds — 


S=. 


180x1728 


698x62.355 

log.  180=  2.255273 

log.  1728=  3.237544 

a.  c.  log.  698=  7.156145 

a.  c.  log.  62.355=  8.205129 


20.854091 
20. 


log.  S=     .854091 
S=  7.146 

which  is  lower  than  the  specific  gmvities  usually  reported. 

Assuming  an  average  specific  gnivity  of  7.21,  the  above  volame 
would  give  a  weight  of  181.6  pounds.  In  view  of  which  I  would  sug- 
gest that  either  the  established  weight  be  increased  to  about  1& 
pounds  or  the  dimensions  of  the  shot  be  modified. 

The  specific  gravity  determined  above  gives  a  weight  of  182.3  poondft. 

I  have  been  unable  to  find  agreement  between  the  drawing  of  the 
shot  and  my  instructions  as  to  its  manufacture.  The  instructions  le- 
quire  the  head  to  be  moved  bodily  back  l.^'Oo,  the  form  about  the  head 
being  then  as  indicated  in  the  sketch,  ^'  the  slight  shoulder  thus  formed 


-^    i.'OJ 


to  be  smoothed  off."    The  equation  of  the  circle  AP  i 


t  ^  /.    7.97\        .  o  /.t  -  ^  Coordinates  of  center. 
i/'=— (   16—   ^    j=-.12.01o^ 

R=  radius  =16.-, 

jJ+(,/+12.015)»=16» 

making  ]/=0,  we  deduce  j:*=10.^^566  for  the  distance  BP,  which  doM 
not  agree  with  the  distance  given  on  the  drawing,  that  being  10.'^ 
resulting  from  a  position  of  the  circle  indicated  l>elow. 

The  height  of  the  shoulder  required  in  my  instructions  from  JM 
could  be  very  easily  indicated  in  the  drawing,  being  .''0^,  I  oannoC 
see  why  the  shoulder  wouhl  not  be  a  great  disadvantage  ballistiGaQyt 
and  would  rec()mmen<l  a  change  in  the  required  form,  to  correapond  wilk 
the  second  sketch  abovi*. 
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Since  oommencing  the  maunfactnre  of  these  projectiles,  foar  large 
shot-lathes  have  been  added  to  the  plant,  and  various  improvements 
have  been  made  in  the  patterns,  iron,  and  process  of  finishing,  and 


; 


|t^--f^-^'r59^  - 


% 


I      I 

I  / 

I    I 

I    I 

I 


f 


should  there  be  more  of  them  ordered  they  could  be  produced  more 
expeditiously  and  economically  and  of  more  uniform  weight  and 
dimensions. 

In  the  preceding  determinations  no  methods  of  any  particular  nov- 
elty or  interest  were  used,  unless  one  may  have  been  that  of  calculating 
the  centers  of  gravity,  moments  of  inertia,  and  in  general  all  elements 
necessitating  the  finding  of  the  limit  of  the  sum  of  an  infinite  number 
of  products  of  two  functions  of  the  same  variable.  The  principle  in- 
volved may  be  stated  as  follows : 

The  limit  of  the  sum  of  all  the  products  of  two  functions  of  the  same 
variable  as/ (a?),  and  (p  (x)  for  all  values  of  a?  between  two  given  limits; 
is  equal  to  the  integral  between  those  limits  of  f{x)  x  <p  (a?)  x  dx,  or  to 
/af{^)  (p(x)dx. 

To  prove  which;  construct  in  the  coordinate  plane  XZ  the  curve 
whose  equation  is  z=zf  (a?),  and  in  the  plane  XY  that  whose  equation 
is  y=(p  (x),  then  one  of  the  products  /  (d?)  x  (p  (x)  would  be  a  rectangle 
y0,  and  all  of  the  products  between  limits  corresponding  to  two  values 
a  and  h  of  x  would  compose  the  volume  bounded  by  the  planes  XZ  and 
XY,  the  two  cylinders  whose  directrices  are  MM'  and  NN',  respectively, 
intersecting  in  LL',  and  two  planes  parallel  to  YZ  distant  from  it  a  and 
6,  respectively. 

From  calculus  we  know  that  the  partial  differential  of  such  a  volume 
with  respect  to  x  is  equal  to  the  area  of  a  section  perpendicular  to  the 
axis  of  X  multiplied  by  dx,  which  is  yzdx  or/  {x)  X(p{x)x  dx^  and  that  the 
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▼olaine  described  is  equal  to  //  /  (x)  x  </>  (x)  x  dx.    Hence  we  see  that  the 
facility  with  which  we  may  obtain  the  limit  of  the  sum  of  saoh  prodocto 
depends  upon  that  with  which  we  may  integrat'C  the  expression  /(')X 
cp  (x)  X  dx. 


I  append  a  simple  exa'uple.  Let  it  be  required  to  deduce  a  genersl 
formula  for  the  distaiu'e  of  the  center  of  pressure  of  a  submerged  sur- 
f^ice  from  the  upper  surfaiie  of  the  duid,  measured  in  the  sabmerged 
surfiice. 

Suppose  such  .surfai*.e  to  bt^  included  between  the  axis  of  x  and  a 
curve  whose  equation  is  15/=/ (.r),  which  is  a  general  case  to  which  sll 
others  mav  be  reduced. 
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Call  the  required  distauce  P.  We  know  the  total  pressure  upon  a  sub- 
merged surface  to  be  equal  to  the  weight  of  a  column  of  the  fluid  whose 
base  is  equal  in  area  to  the  surface  pressed  and  whose  altitude  is  equal 
to  the  distance  of  the  center  of  gravity  of  such  surface  from  the  upper 
surface  of  the  fluid.  Calling  the  weight  of  a  unit  of  volume  of  the  fluid 
h,  the  pressure  on  a  single  ordinate  will  be  : 

h  y  X  sin  a 

a  being  angle  of  inclination  of  surface,  and  the  total  pressure,  from  our 
principle : 

h    I   V  X  sin  a  dx 


j   y  X  sin  a 


and  its  moment  with  respect  to  O  Y  (upper  line  of  surface) : 

Fh  I  V  X  sin  a  dx 


^  I   y  X  sin  a 
J  ' 


The  moment  of  the  pressure  on  a  single  ordinate  with  respect  to  same 
line  is  h  y  X  sin  a  x=h  y  x^  sin  a  and  the  limit  of  the  sum  of  all  these 

/■♦a 

moments  hi    yx^  sin  a  dx. 
Equating  these  two  values: 

h  sin  a  I    yx^  dx  =  V  h  sin  a    I  yxdx 


Whence: 


P=i » -^^  '^^ 


i. 


yx  dx 


A  formula  not  only  simple  and  easy  to  remember,  but  easily  deduced 
if  the  principle  is  borne  in  mind. 

If  the  surface  be  a  rectangle  y=& 
and: 


a' 


_  bj  0*^  "-^        3 


i^  dx 

If  a  parabola,  whose  equation  is  then: 

^•=2i>{x+a) 


__  4     since  x=—a  gives  y=j, 
~      7  "'  and  .t=0  gives  ^"=2  pa 
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A  little  GonsideratioD  will  ahow  that  the  troth  of  the  principle  would 
not  be  affected  if  one  or  both  of  the  fimctioDs  shoold  become  ooastaot. 
The  newness  of  the  subject  of  the  manafactare  of  these  shot  most  be 
my  excuse  for  great  apparent  diffuseness.  I  have  endeavored  to  cortail 
the  descriptions  as  much  as  possible;  in  some  instances  I  fear  claeely 
approaching  the  limit  of  intelligibility. 

I  am.  sir,  very  respectftilly,  your  obedient  aervant, 

WILLIAM  OBOZIEB, 
First  Lieutenant  of  Ordnanee. 
M^.  P.  H.  Pahkeb, 

Commaming  Watertoten  Arsenal. 
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INSPECTION  REPORT  OF  S-INCH  H0TCHK18S  BANDED  CORED  SHOT, 
By  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

(2  plates!) 

The  following  iucludes,  with  the  reports  of  inspection,  some  notes 
upon  the  manufacture  of  the  fabrications  included,  viz : 

Two  hundred  and  three  supplied  under  contract  dated  November  11, 
1884,  and  twenty  supplied  under  order  dated  January  8,  1885. 

A  drawing  (Plate  II)  of  the  shot  is  appended.  The  dimensions  and 
data  upon  which  this  drawing  is  based  have  been  determined  by  the 
fabrication  of  the  shot  in  question,  and  verified  by  the  weights  of  the 
finished  projectiles  compared  with  the  density  of  the  cast-iron.  The 
specific  gravity  of  the  iron  may  vary  between  7.15  and  7.30  and  retain 
the  finished  weight  of  projectile  between  the  limits  178.0  and  182.75 
pounds,  corresponding  to  the  allowed  variations  of —  1  per  cent,  and  +  1 J 
per  cent,  from  the  prescribed  average  weight  of  180  .pounds.  The 
weightof  the  base  plug  is  1.5  pounds  and  of  the  finished  band  2.5  pounds. 
The  weight  of  cast-iron  turned  off  in  fitting  the  band  equals  (very 
nearly)  the  weight  of  the  finished  baud.  Since,  practically,  the  whole 
variation  of  weight  occurs  in  the  cast-iron  portion,  due  to  slight  varia- 
tions in  dimensions  of  unfinished  i)arts,  but  especially  to  variations  of 
density  in  the  different  lots  of  castings,  it  may  be  stated  that  the  aver- 
age weight  of  the  cast-iron  alone  after  the  cylindrical  portion  has  been 
finished  butnot  fitted  for  the  band  should  be  178.5  pounds  and  the  limits 
176  to  180.75  pounds. 

Plate  I  gives  a  drawing  of  the  pattern  used  for  the  shot  molds ;  it 
shows  the  manner  of  laying  out  the  pattern  to  compensate  for  the  shrink- 
age of  the  casting.  It  is  arranged  to  cast  the  base  and  curve  of  head 
to  finished  size.  The  extreme  point  and  cylindrical  portion  of  shot  are 
then  the  only  portions  requiring  a  machiue  finish.  The  amount  of 
shrinkage  varies  with  the  nature  of  the  iron  used,  but  the  following, 
upon  which  the  drawing  is  based,  may  be  taken  as  approximately  cor- 
rect, viz : 

Inches. 

Shrinkage  on  length  of  head 0. 125 

Shrinkage  on  length  of  body.. 0. 06 

Shrinkage  on  diameter  at  base  of  head 0. 05 

The  extreme  point  shrinks  relatively  more  than  the  portions  of  larger 
diameter  and  there  is  a  tendency  for  the  casting  to  become  too  blunt 
there.  To  compensate  for  this  the  radius  of  curve  for  head  of  pattern 
is  made  greater  than  that  prescribed  for  the  shot,  and  the  two  curves, 
in  place,  are  not  parallel,  but  diverge  towards  the  point.    The  two  cen- 
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ters  »re  taken  upon  the  same  vertical  line,  a  prolongation  of  the  diaa- 
eter  at  base  of  bead  of  finished  shot. 

Upon  the  diameter  of  cylindrical  portion  of  shot,  which  mast  be  Hi- 
chine-finished,  the  pattern  is  made  three -sixteenths  of  an  inch  larger 
than  the  finished  size,  to  include  allowances  for  the  shrinkage  and  the 
surplus  metal  needed  for  the  finish.  This  portion  of  the  pattern  is  jmned 
to  the  curve  of  head  by  a  gentle  slope  to  obviate  the  occurrence  of  ft 
shoulder  in  case  the  shrinkage  on  the  diameter  at  base  of  head  exceeds 
the  allowance. 

The  arrangements  for  the  core  mold  of  these  shot  is  similar  to  that 
described  in  Notes  on  the  Construction  of  Ordnance,  No.  26.  The  sand 
molds  for  the  core  and  shot  are  both  oven-dried.  The  shot  are  csit 
point  down,  and,  as  before  stated,  with  finished  base,  only  the  "riser" 
is  removed  at  the  '^chipping'-  bench.  As  soou  as  the  metal  is  pound 
the  easting  is  ^Med'^  with  hot  metal  poured  from  time  to  timefiroma 
hand  ladle  into  the  riser,  and  this  metal  is  stirred  by  an  np  and  down 
nioti<m  of  an  iron  rod,  in  the  hands  of  a  helper,  which  is  thrust  down 
to  reach  nearly  the  core  mold,  but  not  to  touch  it.  The  feeding  is  eoa- 
tinued  until  the  casting  is  ''set.^  Under  this  process  air-holes  or  car- 
ities,  which  are  liable  to  occur  near  the  upper  surface  of  a  casting  made 
without  feeding,  are  rarely  found,  and  the  hard  skin  of  the  natud 
casting  left  on  the  base  is  believed  to  be  conducive  to  the  strength  of 
the  shot. 

Pursuant  to  the  usual  practice  at  this  foundry,  these  shot,  having  a 
prescribed  tenacity  of  25,000  pounds  per  square  inch,  were  cast  witt 
metal  taken  directly  from  the  air-furnace.  The  following  gives  a  reooid 
of  the  castings  and  tests  of  the  metal : 

liecords  of  castinga  and  te»t9  of  metal. 


Castinf;!*. 


Te«ta. 


Dat«. 


3 


el 


is 

> 


Charjce  of  iron  in  percent*|CM. 


M 


CJ 

• 

n 

O 

1 

o 

£ 

£ 

•Ss 

C 

9 

s 

CJ 

••N 

K 

o 
ja 


e 


5    :  < 


p. 
t 


1! 
S 

t 

B 


1 
g 


1884. 
Nov.  17 
22 

Dec.   15 

17 
19 


27 


2 
50 
50 

50 

50 

G 
29 


I 


A 

B 

C 

D 

Cr 
E 


24.5       flw6       flw6     17.9     li.9     2&5     80.300  7. 

179.8     28.3    11.8    28.3     31.5     88.888.  7.  ItW 

05  7.  tm 

20C749  7.Sai 

28,018  7.27W 

18,344  7.M4S 

20,600  7.MM 

88,522  7,tm 

31. 388  7.  MTV 

31.047  7.2717 

15.7    25l8     30.5     31.416  7.! 


183.5  25.0  26L3  24.3)24.8 

184.8  38.7  19.3  6w  1  15.5     2ai 

185.2  30.3  28.8  6w0  15.1     10.7' 

185.U  24.8  14.2  6w 5  43.8.10^6 

184.8  28.1  


Remarks. — TIu>  oupola  sor.ip  includes  only  broken  caRtings  of  the  best  quality  irf  itmtinj^  Wha* 
two  rvconis  of  t«\Hta  .iro  nivrn  for  ont>  lot' of  ca»tinK(i  the  tint  in  fVom  the  proof  bar  maA  tho  H^ 
oud  from  the  middle  wall  of  i«liot  opposite  the  ^rcatOMt  diameter  of  core.    Where  *  8iii|^  feaal  teghMB 

the  •«pcciinon  w:is  taken  from  the  wall  of  slntt  as  ul»ove. 

Before  casting  lot  B  the  two  sample  shot  were  finished.  They  weM 
found  to  l>e  light  in  weight,  and  authority  was  obtained  to  inoieaaettB 
length  of  the  sliot,  which  was  done  by  adding  ''0.25  to  the  baae  of  ttB 
forward  portion  of  the  shot  pattern  at  the  " parting  line."    The 
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iDg  castings  were  made  with  this  pattern  and  the  drawing  of  the  finished 
shot  herewith  (Plate  II).  corresponds  to  the  shot  so  made.  Of  the  lifty- 
two  castings  made  with  the  original  pattern,  the  finished  shot  weigh 
between  177  and  179  pounds.  Of  those  made  after  the  length  was 
increased  the  average  weight  is  181  pounds  nearly,  but  it  may  be  seen 
that  the  density  of  the  metal  is  uniformly  high  and  abov^e  the  average 
of  what  may  be  expected  in  the  usual  run  of  manufacture. 

In  finishing  the  shot  the  several  operations  are  as  follows  :  The  small 
cylinder  at  the  point  is  first  turned  off  and  the  point  finished  to  conform 
to  the  curve  of  head  of  shot.  The  base  plug  hole  is  then  reamed  out 
and  the  thread  for  base  plug  (eight  to  the  inch)  finished.  Next  the  base 
of  the  cylindrical  portion  of  shot  is  finished-turned  for  a  length  of  about 
0.75  inch  in  a  lathe  to  give  a  starting  place  for  the  circular  cutters  used 
in  the  hydraulic  press  for  finishing  the  cylinder.  The  shot  is  passed 
twice  through  the  press  to  make  one  roughing  and  one  finishing  cut. 

In  fitting  the  shot  for  the  band  the  grooves  are  first  roughed  out  in 
the  lathe  with  a  simple  cutting  tool  and  then  finished  with  a  tool  shaped 
to  include  the  whole  of  the  portion  of  the  shot  covered  by  the  band. 
The  three  grooves  in  the  two  rear  lands  under  the  bitnd  intended  to 
prevent  the  band  from  turning  when  the  shot  is  fired  are  made  with  a 
hand  tool. 

The  composition  of  the  band  metal  is  ninety-five  parts  copper  and  five 
parts  spelter,  the  latter  being  added,  as  is  understood,  to  increase  the 
soundness  of  the  castings.  The  castings  are  made  as  a  simple  cylinder 
or  band  with  sufficient  surplus  metal  to  finish  on  all  sides.  In  order  to 
assemble  them  on  the  shot  they  are  faced  at  the  ends  and  the  interior 
finished  to  an  easy  driving  fit  over  the  two  rear  lands  on  shot.  The ' 
diameter  of  the  cylinder  of  shot  in  rear  of  band  is  made  slightly  smaller 
than  that  of  the  lands  named  in  order  to  pass  the  band  over  it.  When 
the  band  is  on  it  is  hammered  down  at  the  ends  to  give  them  proper 
bearings.    The  exterior  of  the  band  is  then  finished  in  the  lathe. 

RECORD   OF  CASTINGS. 
Bands  for  8-inch  Hoichkiss  projectiles. 


1 

No. 
eaetj 

1 

Charge  of  metaU. 

Percent- 

1 
Average  * 

roQgh 
weight  of, 
castings. 

Pounds.  ' 

Loss  of 

Date 

1. 

Copper. 
Pounds. 

Spelter. 

i       .  — 

\  Compo- 
sition. 

Pounds. 

Total 
weight. 

Pounds. 

age  uf 
spelter. 

metal 
charged. 

1 

Pounds. 

1884 

Pounds. 

'Deo. 

W 

22 
30 

125.0 
178.0 

6.25 
9.0 

131.25 
207.0 

4.76 
4.81 

4.7  i 
4.7 

0.75 

^L^^/^/* 

26.0' 

2.0 

3  : 

30 

125.0 

7.0 

60.0 

192.0 

5.3 

4.7  : 

3.0 

, 

4 

15 

90.0 

5.0 

25.0 

120.0 

5.26 

4.7 

2.5 

5 

30 

120.0 

6.5 

50.0 

176.5 

5.13 

4.7  : 

3.5 

6 

30 

136.0 

7.5 

30.0 

173.5 

5.22 

4.7  1 

3.5 

8 

30 

122.0 

7.0 

60.0 

189.0 

5.42 

4.7 

3.0 

9  ; 

15 

48.0 

2.5 

40.0 

90.5 

4.95 

1           4.7 

2.5  , 

31 

22  , 

158.0 

8.0 

15.0 

181.0 

4.82 

4.7  1 

3.0  , 

The  base  plugs  of  wrought  iron  are  rough -forged  to  shape  in  a  die 
using  a  small  steam-hammer, and  then  finished  and  threaded  in  a  lathe. 
To  insure  a  tight  fit  the  thread  in  the  base  plug  hole  of  shot  is  sized, 
for  the  finish,  with  a  screw  tap  corresponding  to  the  finished  thread  on 
the  ping. 
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The  following  give  the  summary  records  of  the  inspection  : 


1684. 


Subject  of  measarement. 


Prescribed 
dimenBious. 


Allowed  Thrift* 
tloiu. 


PKOJBCTILK. 

Length  of  cyliudrical  portion  of  body  to  band 

Length  of  head 

Sfor  band. 
in  rear  of  band 
in  rear  of  cylindrical  portion 

Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diamt'ter  f)f  b:i8e  in  rear  of  band  

KadiuA  of  head 

ThicknesH  of  bott^im 

Length  of  inh-rior  cavity 

Thickness  of  wuIIh  at  4.05  inched  from  base 

Eocentricit.v  of  axis  of  iiiterioi  cavity 

Diameter  of  screw -plug  hole  .   * 

Pitch  of  thread  on  Men'\r.]diig  hole 

L«'ngth  of  thread  on  fuse  (t>r  acn»w-pliig)  hole ■ 

Number  of  cannelurcH  under  band 

Depth  of  canueluivs  under  baud i 

Width  of  canuflurert 

Weight  of  iin\jiM.'tiIe,  including  plug  and  without  l»aud 

HAXIi. 


Length  of  b mil  

Exterior  di  uuoter  of  band  , 

1iiti>rior  diameter  of  band  (maximum) 

Thlrkness  of  band 

lUdiiis  of  curve  at  front 

Wfiuht  of  hand   


{ 


Inehet. 
*7.85 
7.80 
8.002 
2.048 
.6 
.25 
*19.05 
19.3 
7.05 
7.86 
12.0 
2.8 
10.25 
2.225 


|}+0.I6 
I     -0.17 

I  I  :^  0.01 

±0.0$ 

}.±0.1» 

±0.01 
dbO.01 
±0.05 
±0.1 
±0.1 
±0.1 
0.1 
±0.01 


I 


±0.1 


L5 
8  to  inch. 
2.8 

4  ,      ■    -. 

0. 116  io  0.140 
0. 225  to  0.  52 

177.5         ..... 


)  -L8 


"Wright  of  b.uid  and  proieotile 


2.048 

8.15 

7.862 

0.144 

4.075 

2.5 

180.0 


±0.01 
±0.01 
±0.01 
±0.01 


\1" 


1.8 


NumbiT  of  8-ineh  Hotflikisa  pnyectilos 
oxamiu'vl 

Kum  >er  n»ji'oti*.l  for  eocrnlrieity  of  in- 
terior eavity 

Xumbt-r  reji-eted  for  d««foi't8  in  material 
or  tini«*h   

Total  nu'u'oei'  n\jreted  

Total  nuiiilier  aeoeptrd     

Weight  of  Ih'avic-it  one  ai'cepted  <oom 
pli'tr) , 

Wright  of  lighti'-«t  on-*  acerpted  (eoui-  ^ 
pliMe)     \ 


.1 


213 

1 

U 

10 

203 

*179 

182 

♦177 

179 


Weight  of  total  nambor  accepted  (ex- 
cluding band) M^onl 

Mean  weight  of  projectile  (complete) ...  I     |||,'|| 

Num1»er  bands  examined M 

Number  of  banda  rcjei^ted  for  defect*  la 

material  or  finiah 1 

Total  number  of  bamla  rejected I 

N  umber  of  banda  accepted M 

Wfi>:ht  of  total  nambor  accepted M7 1 

Mean  weight  of  Iiaud 1' 

Weight  of  total  namber  of  shot  and 

band.H  accepted  36,9M 


t 

d 


'  T^iidiT  iin.'inal  i-iuitraet  dr  nvin^ :  afti-r  flfty*two  shot  had  bern  cant  the  length  of  " cylindrical ptr* 
on  of  1)  I  Iv  "  w  !•*  in  '-.MAed  •»  '.■_'.'».  uudiT  authority  of  the  Chi>'>f  of  Onlnance  U.  S.  Army,  per  telflP** 

l.ite.l  Xt»v«-in'i.-r'J''i,  1:<>1. 


PlirSirAL  PKOPEUTIES. 


Sp'rilUi  II. 


Piii>*iiy 
(ai'iual). 


Pre. 

HcriU'd. 


Tenacity. 


A  of  ml       Allowed      Actnal    , 
Aciuai.    variation*,  variatlona. 


BandmetiL 


Si\  si)iM  iineiis.  on**  fpnii  ( 
e.iih  h»t  i>f  e.ntiui:;*   -  ( 

Averaue 


7.  19:i9- 
7.  ;J  !H2 


26,344 
ai.947 


7. 20r»0         25, 000         27,  012 


-1-1,344    W  parte  eofptf- 
+6.917     5parttipdl» 


-750        +2.612 


ItKM  VHivS. — O.i  tlies"  f  i»r:<-  itiju-*  as  b  i.^i"*.  a  revise  1  dr.«wing.  inspeetor'a  tile  Xo.  247, 
tructed.    Shippel  to  ruit»  I  Sti'i's  Pruvl'u  Gr>>un<i,  Sandy  Qoiik,  N.  J.,  January  16,  188S. 

I  certit'y  tliat  I  hiv-'  e  iv-*r.t:iv  ia^p.-Mi'd  th  •  ab)Vi*.u  itiKl  pri>jei^ tiles,  and  rh^t  theT  oonfi 
d  m-MU'ou-i  p  .••«iM'".-t » I  'vlr  i;a  til »  V  i-i  i:l»  M  ill»Ti«.l;  ail.  furtli'T.  ihv  th»*  t^rmi  of  the 
t  >  luit  -rill  lu  I  «vi»'-'-v>n  t  )'('i:->  >i  ivi*  h  <  mi  fomrilied  with  in  their  minuf.icture. 

R.  BlRVn.  jm^ 

LUuUnanttif  OtAmiim,  t\ 

D.ite  of  iu-ijM'rtioii    D.-i  ••mini  ;J1.  \i^M. 


t«1 


-rt-iL^ 
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inmetion  report  ofS-inoh  ogipal-headed  HotohkUs  projectiles  for  hreeoh-loading  riflee  made 
fir  the  United  States  Ordnance  Department  by  West  Point  Foundry  Assooiationf  at  Weet 
Point  Foundry,  under  order  of  the  Chief  of  Ordnance,  U.  8.  Army,  dated  January  H,  1885. 


Sabjeot  of  meaanrement. 


PSOJICTILS. 

Length  of  cylindrical  portion  of  body  to  band. 

Length  of  head 

Length  of  baae : 

For  band 

In  rear  of  band 

In  rear  of  cylindrical  portion 

Total  length  of  projectile 

Diameter  of  base  in  rear  of  band 


Radiu  8  of  head 

Thickness  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  4.05  inches  from  base. . . 

BccentncitT  of  axis  of  interior  cavity 

Diameter  of  screw-plng  hole 

Pitch  of  thread  on  screw-plng  hole 

Length  of  thread  on  fnse  (or  screw-plng)  hole. 

Number  of  cannelures  under  band 

Depth  of  cannelures  under  band 

Width  of  cannelures 


Prescribed 
dimensions. 


( 


Jndtu. 
*7.60 
8.902 

2.048> 
0.5    f 
0.25 
*]9.3 
7. 05  J 

7.86  5 
12.0 

2.3  ( 
10.25  5 

2.225 


Allowed  varia* 
tions. 


Weight  of  projectile,  including  plug  and  without  band 


Ineh. 
+0.16 
—0.17 

±0.01 

±0.05 
±0.19 

±0.01 

±0.05 

±0.1 

±0.1 
0.1 
1. 5       ±0. 01 
8  to  the  inch. 
2. 3       ±0. 1 

4 

0.  IW  to  1. 149 
0. 225  to  0. 52 

177.5      ' 


Pound*. 


5  ±2.7 
i— L8 


BAND. 


Length  of  band 

Exterior  diameter  of  band 

Int-erior  diameter  of  band  (maximum) . 

Thickness  of  band 

Radius  of  curve  at  fh>nt 

Weight  of  band 

Weight  of  band  projectile 


2.048 

8.15 

7.862 

0.144 

4.075 

2.5 


±0.01 
±0.01 
±0.01 
±0.01 


180 


f +2.7 
{-1.8 


Kamber  of  8-inoh  Hotchkiss  projectiles 

examined ^ 

Total  number  accepted 20 

Weight  of  heaviest  one  accepted  (com- 

_plete) 182 

Weight  of  lightest  one  accepted  (com- 

Wplete) 180 
eight  of  total  number  accepted  (exclud- 
ing band) 3,583 


Mean  weight  of  projectile  (complete) 181. 15 

Number  of  bands  examined 20 

Numberof  bandsaccepted 20 

Weight  of  total  nnmbBr  accepted 50 

Mean  weight  of  band  2.5 

Weight  of  total  number  of  shot  and  bands 
accepted 3, 628 


*  Dimensions  authorised  by  telegram  of  Chief  of  Ordnance,  U.  S.  AnUy,  dated  November  26, 1884. 

PHYSICAL  PROPERTIES. 


Specimen. 


One 


Density 
(actual). 

Tenacity. 

Pre- 
scribed. 

Actual. 

Allowed 
varia- 
tions. 

Actual 
varia- 
tions. 

+6,416 

7.2846 

25,000 

31,416 

—750 

Band  metal. 


95  parts  copper. 
5  parts  spelter. 


RBiCAKKS.>-On  these  fabrications  as  bases,  a  revised  drawing,  inspector's  file  No.  247,  has  been  oon- 
stmoted.    Shipped  to  United  States  Proving  Ground,  Sandy  Hook.  N.  J.,  January  16,  1885. 

I  certify  that  I  have  carefully  inspected  the  above-noted  proiectiles,  and  that  thev  conform  to  the 
dhnensions  prescribed  within  the  variations  allowed :  and,  fnrtner,  that  the  terms  of  the  order  aa  to 
material  ana  workmanship  have  been  complied  with  in  their  manufacture. 

R.  BIRNIE,  Jb., 
Lieutenant  a/  Ordnance^  Intpeetor. 

Date  of  inspection,  January  9,  1885. 

4625  OBD ^26 
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The  course  of  iuspection  pursued  with  these  shot  was  as  follows: 

(1)  After  the  castiugs  had  been  cleaned  and  chipped  they  weie  o> 
amined  for  serious  defects  and  to  verify  the  *^  length  of  interior  cavi^* 
and  the  ^^  thickness  of  l>ottom.''  One  shot  of  each  lot  was  taken  tOM 
finishing  shop  as  soon  as  possible  after  the  casting  and  cat  in  tvv 
across  the  thinnest  portion  of  the  wall.  The  tenacity  specimen  «« 
then  cut  with  a  hollow  boring  tool  from  the  base  portion  opposite  totk 
base  of  the  core.  It  was  sought  to  have  the  results  of  the  tests  STafl- 
able  before  finishing  work  was  begun  on  the  castings. 

(2)  The  cast-iron  bodies  were  weighed,  gauged,  &c,*  and  '*  rolled' 
for  eccentricity  following  their  finish  in  the  press. 

(3)  The  bands  were  examined  for  defects  after  being  faced  at  the  endi 
and  bored. 

(4)  The  shot  having  been  completely  assembled  the  finished  dimei- 
sious  of  the  exterior  of  baud  were  verified  and  the  shot  were  weighed, 
and  the  weight  of  each,  to  the  nearest  pound,  stamped  on  the  ca8^irol 
body  in  rear  of  the  baud. 

B.  BIBNIE,  Jb., 
Lieutenant  of  Ordtumot, 

West  Point  Foundry,  January  22, 1B85. 
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Appendix   38. 


•TON  THE  MANCFACTVBE  OF  S^I.VCH  CHILLED  PKOJECTILBS. 

Bt  Capt.  D.  a.  Lirr.K,  Oiidnancf.  Ukpartmknt. 

sneral  methods  pursued  in  the  manufacture  of  S-iDnh  pi-ojectiles 
JD  treated  before. 

ibject  of  "  allowed  variatioua  "  was  carefully  noted  in  the  fabri- 
f  thin  lot  of  projectiles.  It  is  found  that  no  difRcalt;  is  en- 
^d  in  holding  the  contractors  to  the  limits  laid  down  in  the  pro- 
table  of  allowed  variations  sent  from  the  Ordnance  Office  and 
ovember  21, 1884. 

nail  loss  of  projectiles  fWim  erroneous  dimensions  ■aa  compared 
ne  previous  contracts  Hufflciently  demonstrates  this  fact.  I 
■espectfully  recommend  that  the  above  mentioned  table  of 
1  variations'-  be  adhered  to  iii  future  contracts  for  this  class  of 
IS.  The  allowances  may  be  sumewhat  stringent,  but  all  come 
he  mechanical  possibilities!!  of  manufacture  by  the  exercise  of 
tie  care.  The  greatest  difficulty  seemed  to  be  encountered  in 
ig  out  of  the  chilled  cast-iron  molds  for  the  heads  of  the  pro- 
The  inspectors  recommended  the  following  procedure  in  this 

bore  out  the  chills  to  tlieir  approximate  dimensions, 
fill  them  with  molten  cast  iron  from  one  to  three  tfmefl,  to  ex* 
B  cbill,  no  attention  being  paid  to  the  quality  of  the  melted 
leat  was  the  only  thing  iciinired.  This  tn'atment  expanded  the 
,  gave  it  an  initial  permiuii-nt  set,  enlarging  it. 
en,  to  ream  the  interior  uLit  a  little  more,  but  still  keeping  be- 
required  diameter. 

I  again  with  molten  iron  and  expand  the  chill  as  before.  This 
n  should  give  the  chill  nlmnt  all  the  permanent  expansion  that 
idergo  from  heat  alone. 

irBe,  from  oxidation  and  scaling  ofi,  the  chill  will  gradually  ca- 
use. The  life  of  a  chil!  was  not  definitely  determined. 
le  was  found  in  the  thickness  of  the  walls  around  the  largest 
■  of  the  cor*!  cavity.  This  was  discovered  to  result  from  the 
ry  of  the  core;  the  convexity  on  one-half  being  greater  than 
:hVr,  due  to  the  fact  that  in  molding  one-half  of  the  core-box 
[>ved,  slightly  disturbinjr  and  sometimes  breaking  the  surface 
re.  The  upper  or  defaccil  half  of  this  core  was  smoothed  and 
ice  finished  by  the  mohlti'n  trowel.  The  slrokes  with  this  ia- 
:  were  generally  directtil  inward  th"!  largest  diameter,  which 
1  the  convexity  of  the  iij'per  half  of  the  core  by  carrying  the 
laterial  forward.  Tliis  losult^'d  in  the  increase  of  that  semi- 
of  the  core  and  a  consequent  reduction  in  the  thickness  of  the 
the  projectile  on  that  si<le. 
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At  the  close  of  the  castiug  two  chills  were  selected  for  measnrenai 
to  ascertain  the  extent  of  the  deformation  due  to  repeated  use.   1W 
largest  and  smallest  were  taken,  in  order  to  get  the  extreme  range. 

The  following  exhibits  the  results  of  the  comparison : 

Interior  ditaeiuioM  ofoait-irom  dittl  mo/dt. 


Ckflk. 


Length  of  cylinder  directl.Y  in  rear  of  head 
Diameters  of  cylinder: 

Horizontal , 

Vertical 

Difference 

Diameter  at  haae  of  Of;ival  head: 

Horizontal 

Vertical   

Difference 

Total  length  interior  oayity  of  chill 


8L18S 

8.10 

.007 

8L0n 

8L0O0 

.019 

10.  in 


I.     - 


11 

ft] 


ft 
ft 


The  standard  diameter  of  the  cylinder  directly  in  rear  of  head 
7''.95,  from  which  it  is  seen  that,  provided  the  metal  did  not  shrink 
metrically  in  cooling,  and  preserved  the  dimensions  given  by  Uie  i 
rior  of  the  chill,  there  would  remain  /'242  excess  of  metal  to  be  remo 
in  tinishing. 

As  a  matter  of  fact  the  metal  does  contract  and  less  than  that  _ 

has  to  be  removed,  especially  in  the  earlier  castings  before  the  chiflfl 
become  deformed  and  elliptical. 

The  shell-hook  holes  in  the  ogival  head  were  omitted  in  this  oom 
and  no  difficulty  was  experienced  in  turning  the  exterior  without  t 
presence,  except  that  the  lathes  employed  were  heavier.    Defects 
sometimes  found  on  the  interior  of  the  cavity  at  the  rear  end  which 
difficult  to  detect. 

A  shot  cast  in  a  previous  contract  was  found  to  have  a  crack  eztenf- 
ing  longitudinally  from  end  to  end  that  had  eluded  the  mostcarehl 
scrutiny,  and  was  only  developed  when  the  attempt  was  made  to  split 
it  open  to  discover  the  depth  of  chill. 

No  trouble  was  experienced  in  getting  the  proper  depth  of  ohill, « 
was  shown  by  the  sample  broken  from  each  lot  cast.  There  weresl^ 
variations  of  course  in  this  depth,  but  not  greater  than  was  to  bi 
anticipated. 

The  major  part  of  the  iron  used  for  these  projectiles  came  firom  ehiOfld 
car-wheels,  which  were  broken  up  and  melted  with  a  proper  proportioi 
of  fresh  pig.  x 

The  junction  of  the  chilled  and  unchilled  parts  of  these  prcgeotiktli 
weak  diametrically,  especially  with  so  brittle  a  material  as  oastinm. 
I  would  therefore  recommend  that  attempts  be  made  to  rephoe  thM 
shot  with  low  steel  containing  enough  carbon  to  take  the  proper  ehfll 
and  prevent  excessive  upsetting  on  impact. 
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JielaiU  of  autitig. 


Chuge  Id  fnimoe. 

J 

i 

i 

1 

i 

1 

1 

1 

"fKR 

1S00 

400 

UUO 

2'IIM 

6100 

2100 

SM 

8800 

2781B        1 

«3C0 

850 

9100 

2«0«a        7 

Abnut  rlKht 

sm 

BOSO 

am      ; 

450 

24TB8          7 

3011 

Good.biitdflep. 

!2l» 

28«;       J 

SWK) 

221  >« 

!S 

3M12        7 

iSM 

28702          7 

0300 

400 

2S200        T 

REC  A  PITtJL  A  TI  ON. 


i 

1 

Charge  In  rorDMe. 

TenaoltF. 

DMUdfr. 

1 

1 

i 

ill 

i  ■  1 

1 

1 

1 

1 

1 

PtfWUtt. 

Poundt 

Poundf. 

1 

1,M0 
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IntpecHon  report  of  "OS- inch  ogwal-headed  Butler  MUfd  shot  for  8-inck  muMMU 
rifle8y  made  for  the  T.  S.  Ordnance  Department  by  South  Boston  from  JTorlpt,  at  SomikBm- 
ton  Foundry,  under  order  of  Chief  of  Ordnance^  U.  S.  J.,  dated  April  3^  1885. 


Subject  of  measarement. 


Prescribed 
dimensions. 


Allowed 
▼sristion*. 


1>K0JBCTILB. 


>     JfidkM.      Indtta.  \  Per  eL 


I, 
Lengtti  of  cylindrioal  portion  of  body i 

I 

Length  of  bend ' 

Lenith  of  base  for  ssbot 

Totsi  length  of  projectile 

Diameter  of  cylindrical  portion I 

Diameter  of  bane  over  lock 

RadiuR  of  head 

Thickness  of  bottom 

Length  of  interior  cavity ! 

Thickbcss  of  walls  at  3.8  inches  fh>m  base 

Eccentricitv  of  axis  of  Interior  cavity 

Diameter  oi  sorew-plug  hole 

Pitch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screw-plug  hole 

.    8ABOT. 


Height  of  sabot 

Exterior  diameter  of  sabot 

Interior  diameter  of  sabot i  ETSi!!"***" 

{  recess 

Maximum  thickness  of  onter  lip 

Minimum  thickness  of  outer  lip 

Depth  of  cannelure 


Weight  of  sabot  and  projectile. 


Komber  of  8-inch  Butler  chilled  shot  ex- 
amined    10 

Total  number  accepted 10 

Weight  of  heavit'Ht  one  accepted 183 

Weight  of  lightest  one  accepted 180 

Weight  of  total  number  accepted 1, 816 

Mean  weight  of  projectile,  pounds 18L  6 


Number  of  sabots  examined 

Number  of  sabots  accepted 

Weight  of  total  nambw  accepted  ( 

state)  pounds 

Mean  weight  of  sabot 

Weight  of  total  nnmber  of  ahi      

botsaccepted pomdi..  1.1 


% 


PHYSICAL  PROPERTIE& 


Specimen 


Density 
(actoal.) 


Tenacity. 


•  Prescribed..    Actual. 


Allowml 
TsrUtioiia. 


Mean 

Maximum 
Minimum 


7.2822 
7.8021 
7.1992 


I 


25000 

24290* 


I 

25459  ! 

27S19  i. 
24351  {. 


1 


I 


Remarks.— Shipped  to  Watcrtown  Arsenal,  Anril  6.  1885. 

I  certify  that  I  have  carefullv  inspected  the  above-noted  pr^lectiles,  and  that  ther 
dimensions  prescribed  within  the  variations  allowed ;  and  further,  that  the  terns  off  the 
material  and  workmanship  have  been  complied  with  in  their  manafkelure. 

Date  of  inspection.  April  6,  1885. 

D.    4 

Oapimin  of  Ordmrnrnm, 


Hll 


REPOBT  OF  THE  CHIEF  OF  ORDNANCE.  407 

_  .  reporl  of  1,000  8-inrft  otjieal'heaied  Baltic  cktltrd  that  for  8-tnrA  mu3tle-load- 

•   Ag  Hflt;t»ada  for  tkn  v.  S.  Ordnance  Dvpattmini  by  South  BoaUm  Iron  Workii,  at  So%tX 

Boflo*  Foandrg,  under  eontrael  of  CMef  of  Ordnaaae,    0.  8.  Armg,  dated  Deeenbdr  I, 
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W«)gbt  of  lomlnaiubeT  HcepUd .  .Iba . .  1B9, 13E 
I  Meiu  weiabt  of  projMtile da..         183.* 

Number  or  iiboia  eiamlOBd LOOS 

I  Numbpr  of  ubota  njected  fbr  amiliA- 

nhola  rsjrcted  for  doE^Ia 


Total  nambero. ^ 

Nambnr  of  wibolK  noeoplm 
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PHYSICAL  PROPEKTIBS. 
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INSPECTION  REPORT  OF  \2-INCH  EUREKA  MORTAR  8HBLL  AND  SABOli 
By  Libit.  Rogers  Birnib,  Jr.,  Ordmamcb  Departhkkt. 

Mat  25, 18U. 

General  :  I  bave  the  boDor  to  transmit  herewith  inspection  repofto 
of  the  ii8iial  form  for  the  foUowiD^  lots  of  12-iuch  Eureka  fihell  ui 
sabots  for  12-iiicb  miizzle-loadiDg  rifled  mortar,  which  have  been  !»• 
cently  completed  at  this  foundry,  viz: 

(1)  Fifteen  580  pound  shell,  complete,  delivered  November  6,  1881 

(2)  Seventy-ei^bt  <)l()-pound  shell,  complete,  delivered  April  29t  1888i 

(3)  Twenty  five  610  pound  shell,  complete,  delivered  April  13, 1885. 

(4)  !Ninety-eip:ht  610  i)ound  shell,  complete,  delivered  April  29, 1881 
(6)  Ninety-two  585ponnd  shell,  complete,  delivered  May  4,1885. 
(6)  Two  hundred  sabots,  delivered  May  7,  1885. 

These  ))rojectiles  bein^  intended  for  experimental  firing,  the  contnet 
provided  for  modifications  in  dimensions  and  material  continii^ent  opoi 
the  results  derived  from  firing:  a  limited  number  of  the  first  made. 

The  cast-iron  bodies  of  the  heavier  shell  (610-i>oand)  were,  howem, 
as  authorized  by  the  contract,  completed  in  advance  of  the  firing  teit 

The  fifteen  580  ])ound  shell  were  complete<l  first  for  the  firing  teit; 
they  were  madp  after  the  dimensions  of  drawing  attached  to  contiast 
The  completed  shells  were  found  to  average  7^  pounds  under  wei^t. 
and  as  a  result  of  the  tiring  it  was  decided  to  increase  the  thicknenv 
sabot  through  the  portion  of  base  around  plug  from  0.3  to  0.4  inch; 
the  sabot  otherwise  remained  unchanged,  but  increased  dimensions 
prescribed  for  the  shell  body,  and  the  weight  of  projectile  complete 
fixed  at  585  pounds.  Plate  I  gives  the  final  drawing  for  these  shdki 
which  was  followed  In  making  the  ninety-five  585-|)ound  shell  naaei 
above  (item  5).  The  average  weight  of  these  shell  is  588.6  pounds.  Ti 
reduce  the  weight  to  585  pounds  the  cylindrical  portion  of  the  bodjrf 
shell,  which  has  a  diameter  of  11.92  inches,  should  be  changed  fkt^m  HA 
to  13.275  inches ;  and  to  reduce  the  weight  to  580  ponnds  this  disM- 
sion  should  be  made  13.1  inches,  with  a  corresponding  decrease  of  As 
total  length  of  shell  body  in  each  case,  the  dimensions  otherwise  to  le- 
main  unchanged.*  The  core  capacity  of  this  shell  is  857  cubic  inoheii 
calculated  to  contain  a  bursting  charge  of  30  pounds  of  powder  upous 
basis  of  0.035  ])ound  per  cubic  inch  of  space. 

After  casting  a  number  of  the  610  pound  shell  bodies  (sevenly-eicMi 
item  2),  the  length  of  cylindrical  i)ortion  of  body  was  increased  DM 
11.9  to  12.176  inches,  and  tbe  total  length  of  shell  was  oorrespondis^ 
increased.    Plate  11^  Fig.  1,  shows  the  drawing  used  f<Nr  dimensioasv 


cylindrical 
weight. 
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the  ooe  hnndred  and  twenty-three  shell  bodies  incladed  in  items  3  aud 
4  above.  The  sabots  placed  upon  the  lot  of  Dinety-eight  were  the  same 
as  those  shown  in  Plate  I.  The  sabots  placed  ii(>od  the  lot  of  twenty- 
five  were  altered  fur  special  esperiments  in  firing.  A  drawing  of  these 
altered  sabots  is  sliown,  Fig.  2,  Plate  II.  Even  with  the  increased 
length  these  shell  fall  some  6  pounds  nnder  the  prescribed  weight  of 
610  pounds  for  the  shell  complete.  In  onler  to  make  them  of  full  weight 
the  length  of  cylindrical  portion  of  body  at  rear  should  be  iucreased  to 
12.1  inches,  and  the  total  length  of  projectile  should  be  made  3i.O 
inches. 

The  following  tables  give  the  charges  of  iron  used  for  the  castings 
and  the  results  of  tests  of  the  metal  of  the  shell : 


Beeord  ofoa»ling>  and  U 
[All  cwtiDits  mide  dirrct  from 
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Rtcord  of  autingi  and  tetu  of  610  pound  Vi  inch  mortar  thtll  (Eureka}. 
(All  oBsUngs  made  dim 
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instance  specimens  for  tenacity  were  taken  from  four  different  parts  of 
the  same  shell  casting,  with  the  following  results:  ponnda 

PoiutofBbell(oD  axial  Udo) 20,800 

Side  of  head  (Dormal  to  carve) 22,325 

Wall  (Bt  side  of  core) 84,  OM 

Base  of  sLell  (parallel  to  axis) 86,047 

In  another  case  the  specimen  ^m  the  extreme  point  g^ave  22,131 
pounds,  and  that  from  the  wall  of  the  same  shell  24,196  poundB  tenacity.* 
The  metal  will  generally  be  found  densest  at  the  point  (shell  oast  base 
np),  but  it  is  pi-obable  that  in  the  cooling  process  the  crystallization  of 
the  metal  there  is  not  so  disposed  as  to  give  the  best  results  for  teat^, 
at  least  as  regards  a  tensile  test. 


The  two  hundred  extnv  sabots  supplied  were  uiade  after  ttie  drawing 
giveii(Platel).  An  iron  pattern  was  made  for  eaatiug.  All  the  sabots  and 
the  castings  were  made  in  green  sand.  After  casting,  each  sabot  was 
pressed  into  shape  by  hydraulic  pres,sure  over  a  templet  made  as  a 
counterpart  of  the  conical  base  of  shell.  This  put  them  in  good  condi- 
titw  tor  mounting  in  the  lathe,  where  they  were  again  placed  uiMin  a 
"  chuck"  or  form  identical  with  the  base  portion  of  shell,  whereon  they 
conld  be  entirely  finished  without  di«moiintiug,  since  the  interior  of  the 
sabot  requires  no  machine  finish.  The  final  inspection  brought  out  the 
difficulty  of  making  these  cajstiugs  perfectly  sound.  The  priucipal  cause 
of  rejection  arose  from  a  "draw"  tieneath  the  surface  in  tbo  thick  por- 
tion of  the  base  where  it  joius  the  rim  of  the  sat)ot.  Where  this  draw 
wa&  of  considerable  extent  the  cutting  of  the  groove  showed  cavities  in 
the  metal  at  the  bottom  of  the  groove. 

The  following  gives  a  record  ot  the  castings  : 

Rteord  of  eaiUngi,  Bttnka  taboU,  for  Vi-inok  miutle-loa^ing  rifled  mortar  shell. 
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Beeord  of  iwliiig'  and  tMf  of  610  ^aiiHd  1^  iiie*  mortar  tktll  (fiirete). 
(All  ouUmts  miide  direct  rnim  ulr-faniaae,  dsIdk  *  imall  UdlD  vitli  cipkcUy  for  tn  w 
Sbellcul  bus  up,  imii  vacti     Trd"  and  "  gtirnd  "  throoRb  (wo  "rlMn"  it  appoAla  •.Otummf  it 
•t«in,    Tenultj  dpn^icaen  trBted  fnua  3-1ncli  proof-bar  and  fnni  ona  aprcimrD 
oaalinga,    Spt^in^eii  nbelL  cut  la  tro  nvar  baieof  core  and  apAoimenlKrad  or*  ' 
tho  date*  Ovlober  D  and  II  tba  rj^tiudrical  puclion  ol  libaW  pattern  waa  ndaced 
•urpluH  fcr  Uniahln^.  caualn^  tbe  rednclloD  In  nmgb  weight-    For  catling"  ~  ' 
ently.  the  aheil  pattern  vaa  Inonaaad  O.S  Inoh  In  len^h  to  c '' 
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It  was  found  necessary  to  "feed"  tlie  casting  through  two  risen  ii 
the  tiase,  syuimetriciiUy  disposed  with  reference  to  the  core,  siucefeed- 
iufT  on  one  side  aloue  caused  a  deflection  of  the  core  and  rendered  th> 
shell  eccentric.  The  tenacity  specimen  tested  from  tbe  proof-bar  alt 
with  each  lot  was  usetl  for  the  iuformation  of  the  founders.  This  tart 
cannot  be  relied  uiwn  to  give  a  correct  test  of  the  strength  of  the  iMtal 
in  the  castings  proper.  The  metal  of  the  proof-bar  will  general^  ba 
found  more  dense  thiin  that  of  the  shell,  and,  on  an  average,  will  gin 
some  -,000  pounds  per  8<iuare  inch  less  tenacity  than  that  of  the  abell. 
In  exceptional  Ciises  the  tenacity  of  the  proof-bar  specimen  will  be  thi 
greater,  [)articnlarly  in  the  case  where  the  iron  of  the  casting  hu  mvtt 
ural  Icntlency  to  softness.  The  quicker  cooling  of  the  proof-bar  tndi 
to  prevent  crystallization,  and  the  metal  of  the  bar  will  nearly  alwijl 
be  liarder  and  closer  grained  than  that  of  the  casting,  ao  if  tbe  iioB  ii 
naluRilly  higii  tbe  metal  of  the  bar  loses  strength,  owing  toitaezBti- 
sive  hardness. 

The  position  of  the  test  specimen  in  the  shell  has  an  ioflaeooe  b|MB 
tbe  tenacity,  which  also  varies  for  difi'erent  natnres  of  iron.  The  ■■•■ 
tion  selected  for  the  test  sitecimen  taken  tVom  the  shell — tbe  vw  rf 
shell — gives  probably  a  just  result  for  the  average  tenacity.    !■■■ 
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iostaDce  specimens  for  tenacity  were  taken  from  four  difi'eient  parts  of 
the  same  sliell  casting,  with  the  following  reBults :  pounda 

Point  of8b<ill(uQ  axiitl  lino) 30,860 

Side  of  b«Ld  (Donual  to  curve  I 'J2,2S5 

Wall  (lit  sideofoore) 24,028 

Base  of  sheU (parallel  to  axis) 26,047 

In  another  case  the  specimen  from  the  extreme  point  gave  22,134 
pon lids,  and  that  from  the  wall  of  the  same  shell  24,195  ponnds  tenacit;.* 
The  metal  will  generally  be  found  densest  at  the  point  (shell  cast  base 
up),  but  it  is  )ii'obable  that  in  the  cooling  process  the  cr.yst^illization  of 
the  metal  there  is  not  so  disposed  as  to  give  the  best  results  for  tests, 
»t  least  as  rogards  a  tensile  te«t. 


The  two  hundred  extra  sabots  supplied  were  madu  after  the  drawing 
given  (Plate  I).  An  iron  pattern  was  made  forcusting.  Allthesiibutsand 
the  castings  were  made  in  green  sand.  After  casting,  each  aabot  was 
pressed  into  sliape  by  hydraulic  pressure  over  a  templet  ma<ie  aa  a 
counterpart  of  the  conical  ba>>u  of  shell.  This  put  them  in  good  condi- 
tion for  mounting  iu  the  lathe,  where  they  were  again  placed  upon  a 
"  chuck  "  or  form  identical  with  the  base  portion  of  shell,  whereon  they 
oonid  be  entirely  finished  without  dihinouutin^,  since  the  interior  of  the 
sabot  requires  uo  machine  tinish.  The  fiual  inspection  brought  out  the 
difficulty  of  making  these  caatings  perfectly  sound.  The  principal  cause 
of  rejeetion  arose  from  a  "draw"  beneath  the  surface  in  the  thick  por- 
tion of  the  base  whei-e  it  joins  the  rim  of  the  sabot.  Where  this  draw 
was  of  eousiderable  exteut  the  cutting  of  the  groove  showed  cavities  in 
the  metal  at  the  bottom  of  the  groove. 

The  following  givejs  a  record  ol  the  oastiDgs: 


Bmri  o/ixutingi,  Eunka  labote,  for 

Vi-inoh  Mtaite-loading  riJUsd 

mortar  ,hM. 

C»»i>i>. 

MvUlnnaed 

DM. 

Kombar 

m. 

iqXSj). 

,Su 

<B]-A 

Pwooit. 
or  spalter. 

SB: 

Lo*»ot 

PouiuU 

Paundt. 

» 

S 

MS 

78 

100 

M 

IBT 

24.74 

67 

» 

}* 

aw 

' 

2*0 

23.  M 

SB 

" 

•This  te«t,  Bhowing  a.  tenacity  bulov 
Doeptable;  it  isgiven  unly  an  an  inat 
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REPORT   OF    THE   CHIEF    OF   ORDNANCE. 


SUMMARY. 

Total  nnmbcr  of  gabots  cast I 

Ifot  exMniiiied 1 

Roufi^b  caMtiugs  ivjected  for  defects  or  erroneous  dimensions 9 

Finished  sabots  r^ected  for  defects  of  material IT 

Total  number  of  finished  sabots  accepted I 


InapeoHon  report  of  b'^-pound  12-inoh  ogiral-headed  Eureka  sheU^  for  amairto-fMI 
rifled  mortar,  made  for  Ittt  ITnited  Slates  Ordnance  Department  6jf  ^'mi  Paimt  Jfittui 
ABHOtiation,  at  Went  Point  Foundry,  under  contract  of  Ckirf  of  Ordnamce^  17.  & 
dated  An  gust  7,  18d4. 


Sal^ect  of  measurement. 


PROJECTILB. 


Prescribed 
dimenaiona. 


Length  of  cjiindrical  portion  of  body  J  {JJ^{ 

Lenifth  of  conical  portion  of  body 

Length  of  head 

Length  of  bsHe  for  sabot 

Total  length  ol  projectile 

Diameter  of  cyliiidncal  portion  J  fl*5| 

Diameter  of  conical  base  under  sabot  <  Jvfli 

Endius  of  h«-ad 

Thiekne8»  of  bottom 

Length  of  interior rjivity I 

'Ihii  kne-H  ot  w:ill«  at  r>.9  incheit  from  base ! 

Thickiii'sf*  of  AvallH  at  17  5  inches  fnmi  Im^o    { 

Eccentricity  of  axis  of  interior  eiivit  j* .  .jH'r  cent,  of  caliber. .  i . . 

Diameter  of  fuze  (and  8crew-plug)  holes  at  bottom  of  thread .  j 
Pitch  of  thread  on  fuze  (and  screw-plug)  holes. to  the  inch. . 
Length  of  tliread  on  fuze  (and  screw-plug)  holes 


Indua. 
lS.i 
2.0 
LS5 
13.4 
2.0 
85.0 
11.92^ 
11.97  S 
11.  S2 
n.T2 
18.0 
8.0 
84.0 
2.2 
2.225 


J 


Weight  of  pi*ojectilc  with  plug. 


(SABOT. 


Radius  for  oiitAido  cup  of  base 

KadiuM  for  insule  cup  of  base 

H right  of  Siibot      

Exterior  diameter  of  sabot 

ThirkneHN  of  bane  an>und  plug 

TliickneAA  of  parallel  poition  of  base. 

hixtaure  of  cannelure  from  rear 

Di'pth  of  cannelure  

Maximum  width  of  cannelure 


Weight  of  sabot  (computed) 

Weight  of  sabot  and  projectile 


{ 


1.125 
2.0 
12 
6 
LO 
3.0 
Pounds. 
501 


Allowvd  thI- 


InOL 

JP 

WtL 

••■•••• 

! 

4« 

•  a  >    •   •  •  « 

±0.05 

-S 

*  «  «  *  ■    «  a 

±1 

±0.01 

±0.01 

■ 

±0.06 

J 

±0.1 

±ai 


Jndut. 
8.15) 
8.8   I 

8.75 
ILVrl 
0.4   > 
a25 
0.8 
0.85 
0.8 
iVwidt. 
24 


±0.01 


US 


Kuml>er  of  585-pound  12inch  Eureka 
shell  examined 05 

Numl>er  n'Jected  fur  defects  in  material 
orflniah      3 

Total  numlier  rejerte<l 3 

Total  nuiu  Iter  accepted 92 

Weight  of  hfavie.Ht  one  acc<'pted  (in- 
cluding sabot) lbs.        503 

Weight  of  lisrhtest  one  accepte<1  (in- 
cluding sabot)  Iba  .        584 

Weight  of  total  number  accepted  (in- 
cIuilinsE  sabot)   52, 135u2 

Mean  wttight  of  projectile  (including 
sabot) lbs..        588.58 


I 


Number  of  aabota  exaniaed 

Number  of  aabota  njected  f&n 

dlmeaslona  tnmgh  raatiata) ' 

Number  of  aabota  rejected  for  dufcoli  fc 

material  or  flniah J 

Total  number  of  sabots  rrteded J 

Nnmberof  Msbotaacec^tM Jf. 

Weight  of  total  nnnber  MoepM.lta..   ^W 

Mean  weighi  of  aabot da..  " 

Weight  of  total  anmber  of  akoi  mmI  i^ 

botsaccepted  Iha..  8^V 

Actual  weight  of  baae  pliur  totw—       .^ 

equal) .\V!T ftj.  .  *» 
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PHYSICAL  PROPBBTIES. 


Density  (ftct- 
aai). 

Tenacity. 

Sabot  metaL 

SpeeiHieii. 

Pro- 
scribed. 

ActuftL 

Allowed 
varia- 
tions. 

Actual  yaria- 
tions. 

nT6  •peelmens — 
ArtTtkgp 

r  From    7. 1881 
{To         7.2788 

|26,000 

(From  80. 618 
{To      83, 900 

}    - 

(From  4A  518 
^To     48. 900 

Copper.  76  pttrtt. 
Zinc,  25  parta. 

7.2315 

■ 

31,008 

+8,808 

Beroi  prolectUes  in  addition  to  the  85  reqnirod  to  complete  contract  accepted  under  aathority  tnm 

le  Chief  of  Ordnance,  U.  S.  Army,  dated  April  30,  1885 

Rbmarks.— dhell  and  sabots  made  after  drawing  dated  April  4, 1886,  shipped  to  United  States 

t>Ting  croond,  Sandy  Hook,  N.  J.,  May  16. 1885. 

[  oertiO^  that  I  hare  carefully  inspected  the  above-noted  proJectUes,  and  that  they  conform  to  the 

mensions  prescribed  within  the  variations  allowed ;  and,  further,  that  the  terms  of  the  contract  as  to 

Aterial  and  workmanship  have  been  complied  with  in  their  manufkoture. 


Mat  4,:1885. 


R.  BIRNEB,  Jb., 
Lieutenant  qf  Ordnance,  lirurpeofer. 


i$peotion  report  of  5S0-pound  l^inch  ogival-headed  Eureka  shell  for  muzzle-loading  H/ImI 
wu>riart  made  for  the  United  States  Ordnance  Department  hy  West  Point  Foundry  AssO' 
eiation^  at  West  Point  Foundry^  under  oontraot  of  Chief  of  Ordnancef  U,  8.  Army^  daied 
August  7,  1884. 


Subject  of  measnroment. 


PBOJECTILB. 


.  Length  of  cylindrical  portion  of  body  i  {JJ^^" 

!  Length  of  coDical  portion  of  body 

'  Length  of  head    

Length  of  basn  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  Z  JJ^q* 

Diameter  of  conical  base  under  sabot  J  J^^^' 

Radius  of  head 

Thickness  of  bottom 

.  Length  of  interior  cavity 

Thi<*kness  uf  walls  at  5.0  inches  from  base 

Thickness  of  walls  at  15. 8  inches  from  base 

Ecceutricitv  of  axis  of  int«^rior  cavity .  .per  cent  of  caliber. 

Diameter  of  screw-plug  hole 

Pitch  of  thread  on  screw-plng  hole to  the  inch. 

Length  of  thread  on  screw-plughole 


Prescribed 
dimensions. 


Inches. 

11.0 

2.6 

1.25 

13.4 

2.6 

33.5 

11.02 

11.07 

11.32 

11.72 

lao 

3.0 
22.45 
2.25 
2.275 


Allowed  vari- 
ations. 


IndL 


PercL 


I 


±.05 

±.01 

±.01 

±.05 
±.01 
±.01 


s 


+3 
-2 


±1 


t 


Weight  of  projectile  with  plug. 


SABOT. 


Radius  for  outside  cup  of  base 

Radius  for  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base 

DLtftance  of  cannelure  from  rear 

Depth  of  cannelure  

Maximum  width  of  cannelure 


Weight  of  sabot  (computed)  — 
Weight  of  sabot  and  projectile. 


2.6 
6 
3.0 
Pounde. 
556 


Inches, 
3.15 
6.3 
8.75 
11.07 
.3 
.25 
.8 
.35 
.3 
Founds. 
24 

580 


±.01 


U 


I 


^±.01 


J+8.7 
i)-5.8 


amber  of  580   pound  12-inch  Eureka 

shell  examined 15 

>tal  number  accepted 15 

'eight  of  heaviest  one  accepted  (includ- 

faig  sabot) lbs..      576 

eight  of  lightest  one  accepted  (includ- 
ing sabot) lbs..      570 

eight  of  total  number  accepted  (ex- 
Blodinc sabot) lbs..  8,276.45 


Mean   weight   of  projectile   (including 

sabot)  lbs..  OT2.58 

Number  of  sabots  examined 15 

Number  of  sabots  accepted 15 

Weigh  t  of  tot«l  number  accepted . .  lbs . .  811. 75 

Mean  weight  of  sabot 20.78 

Weight  of  total  number  of  shot  and  sa- 
bots accepted  Iba..  8,588.) 

Actual  weight  of  base  plug  (a v'ge) . .  do . .  6. 4 
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PHYSICAL  PROPERTIBS. 


Specimen. 


Density  (act- 

Pro-    ' 

scribed.  I 


Tenacity. 
Allowed 


Actual. 


varia- 
tions. 


Actual 
Tariatkma. 


Sabot 


Three  SDecimens        J    E~"  ^- ^®®  }  25  OOo' 5  ^^™  26. 047,  >         _^j Prom +1.047  Copper.  TSfirik 
xnree  specimens.  -  -  {   xo       7. 2498  j  ■»• «»  j  rpo      20, 711  J  ''.|To     +4. 711;  Zlne,  IS  parti. 


Average 


7.2159 


28,007 


+5.007 


Kkmarks.— Pnvjoctiles  knd  sabots  mndc  after  original  contract  drawing  (datfed  June  10,  mH 
Shipped  t4i  United  States  provinfE.Knmnd,  Sandy  l^k,  Now  Jersey,  ten  on  October  21,  aadtvia 

NovembiT  8, 1W4. 


I  certify  that  I  have  carefally  insptH^ted  the  al>oTe-noted  proiectiles.  and  that  thev 

dimensionn  prescribed  within  tbo  variations  allowed ;  and.  further,  that  the  tenna  o^  the 
to  material  and  workmanship  liave  bt^n  complied  with  in  their  manoAtotnre. 
Date  of  iDHp«H:tion,  October  17  and  November  6,  1884. 

R.  BIRKIS.  Jl. 
lAeutenant  of  Ordnanet^ 


Inspection  report  ofiMO-pound  12-iitc'A  ogirahheaded  Eureka  aheH/or  mu£tl0-foadin§  rifd 
mortarf  made  for  the  Cuited  Slates  Ordnance  Department  by  West  Point  Fommdr^Am- 
tiaiion^  at  JVtei  Point  Foundry^  under  contract  of  Chief  of  Ordnance^  U,  S*  Armf^ittd 
Auqustl,  1884. 


Subject  of  mc^asnremont. 


PROJECTILK. 


'Prescribed 
jdimensiona.' 

I 1 

I     /tiaftet. 


AUowed  Tarl* 
atlona. 


Indi. 


Lengthof  cylindrical  portion  of  body  J  }JJJ^  •■-•■;••• |         ^J;J       |    +J 


LenfTth  of  conical  portion  of  body 

Len|;tb  of  h«'ad 

Len^ith  «>f  base  for  sabot 
Total  length  of  projectile 


ivit: 


Diameter  of  cylindrical  portion  I  J^I» 

Diameter  of  conical  base  under  sabot  I  «^I* 


Kadius  of  head. 

Tbickncss  of  bottom 

Length  of  interior  cavity  

Thickness  of  walls  at  5.6  inches  from  base , 

Thickness  of  walls  at  16.7  inches  from  base 

Eccentricity  of  axis  of  interior  cavity. .  jter  cent,  of  caliber. . 

Diameter  of  screw-plug  hole ". 

Pitch  of  thread  on  screw-plug  hole to  the  inch.. 

Length  of  thread  on  screw-plug  bole 


L25 
lS.i 

2.0 
83.5 
11.92 
n.97 
ILK 
1L72 
18.0 

S.0 
22.45 

2.50 

2.565 


±.05 


J  ±.01 

j|±.01 

±.06 

.     ±'^\ 
I     ±.01 


Weight  of  pr<\)ectile  with  ping. 


BABOT. 


Kadins  for  outside  cup  of  base 

Kadius  for  inside  cup  of  base 

Height  of  salK)t 

Exterior  diameter  of  sabot    

Thickness  of  l>aHe  around  plug 

Thickness  of  parallel  jKirtion  of  base 

Distance  of  cannelure  from  rear 

Depth  of  cannelure 

Maximum  width  of  cannelure 


Weight  of  sabot  (computed)  — 
Weight  of  sabot  and  projectile. 


16 
6 
S.0 
FoiMMiii 
584 

Indtm, 
S.15 
6.S 
S.75 
1L97 
.4 
.15 
.8 
.85 
.8 
IVimdt. 
21 


±.01 


»±.< 


^«i 


CI 


-t 


±\ 


U 


Knmber  of  610  pound  12-iuch  Eureka 
shell  examined 

Knmbi'r  rejected  fordefect.o  in  material 
or  fliiish  

Total  numlH»r  rejected 

Total  niimlter  accepted 

Weight  of  heaviest  one  acceptt'd  (in- 
chniingK;»l»ol)   lbs.. 

Weight  of  lightest  one  accepted  (in- 
cluding salH»t) H»s.. 

Weight  of  totiil  number  accepted  (ex- 
cluding ssilwt)  lbs.. 

Mean  \*  eight  of  pmjrctile  (including 
sabot) lbs.. 


80 


2 

78 

596 


Number  of  aabota  examined ^ 

:  Number  of  sabotan^Jected  for  enoBeees 

dimensiona  (rough  caatinn) • 

Numl>er  of  sabots  rejected  ror  delMi 

in  material  or  liniah ■ 

I  Total  nnmber  of  sabota  rriecteJ B 

Numlierof  aabotAacsoq>t«a S. 

Weight  of  toUl  nnmber  acoeplei.lbe..  1, W 

Mean  weight  of  aabot da..  %M 

Weight  of  total  number  of  aboi  waA 

I      sabots  accepted Iko..  6LV 

44, 446. 8    ;  Actual  weight  of  baae-plag  (ttv"gi|.i»..  M 


SOL  78 
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L  PKOPERT1E8. 


Deii^<«i- 

T«D«ltj, 

S.t»tnrtA 

«5Sd.    ■""»i- 

ui 

Asloal 

-.... 

!>'.-fS"S!S 

!    - 

jR-SS! 

Coi>p«.rep»rt«. 

ZiUO,  SS  PMI*. 

M,:« 

-■'" 

ntDelp«l]i  di 

Hunk.  New  JerMf,  Hk;  1«,  Isu. 
I  I  have  careftilly  Inapeoled  Uie  ubOTe-natfiil  pntfeutilex,  uid  Uist  Ibnv  rj)urunn  tu  bbe 
woribod  Krltbin  the  TulatlDDi  BlLowedi  ■nil.  turltwr,  Ihkt  thn  (eroiB  ot  IhaoontrHt  u 
I  workioaniiblp  fasre  b«ua  compiled  will)  in  tlieir  manulBCtani. 
clou:  Sh«llliDdlei.NDTcnlb(ir7,  1BBI;  nbnU und abell compleln.  April  2ft.  IMS. 
R.  HIKNIE,  Jk.. 
LttuUnanl  <if  Ordnonu.  Inrpteltt. 


lott  of  GIO  ^ontiif  IS-<ncfi  Diri''al-Ae(zil«d  Aurel'a  (Aeff  for  muzrlo-loadinf/  rffitd 
\dt  for  Ihe  riiiled  Stain  Urdnanoe  Deuartittenl  by  irriil  Point  Famidrg  Amo- 
Wett  Point  Founilrii,  uader  conirael  of  Chit/of  Orrfnanoe,  U.  S.  Armg.  ilaua 


pr«crlb«l 

Allowed  THi«. 
Uoas. 

of^iiBdri,..  portion  of  bod,{~v:.;:.-:::;::: 

JncAu. 

ILK 
11.  »7 

11.  n 

11.  7J 

is 

X.£8G 

*.01 

i-01 

orbM..for«iibot 

.niftb  of  pnjKtile ^ 

li 

4. 

584 

a7s 
*.as 

Lbt. 
M-0 

±.01 

orprajertilo  with  plug 

±.01 
+6.1 

BU  of  pBrullel  portion  at  1mm 

IB  width  ur  canneliite 

of  Mbot  (coiopulod) - 

ot  wbot  md  projMtlle 

ponodi  ll-hiob  Eurekn 


ireJEbt  nf  ptiqjooclle  ([nelndJug 


I  AotiuJ  nnliibtaf  biw  plot!  (« 
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REPORT    OF   THE    CHIEF    OP  ORDNANCE. 


PHYSICAL  PROPERTIES. 


Tenacity. 


Speolmen. 


Density  (act-  ' 
oal. 


.) 


Pre- 
scnbed. 


Actual. 


Allowedj 
I  Yaria-  I 
■    ttona.  ■ 


Actual  yaria- 
tiMia. 


Sixht  specimens . 
Arerage 


,  <  From 
I  {To 


I 


7.1199;  )o.  AnA(Froma8,486  ( 
7.8273' J  ^  """I  {To      80.487,5 


7.2023 


I 


i.5FroBi +1.436 


Coppcr.75 
ZiM|15 


BBiiARX8.~Shell  bodies  made  after  drawing  **  corrected  October  11. 1884  ;*'  "modiflad** 
drawing  dated  April  3, 1885,  shipped  to  United  States  proTing^groond,  Sandy  Hook,  New  Janey. 
14k  1885. 

I  certify  that  I  have  careAiUv  inspected  the  above-noted  prqjeotilea.  and  that  ther 
dimensions  prescrilied  withm  the  variations  allowed;  and.  rarther.  that  the  terma  ox  the 


to  material  and  workmanship  have  been  complied  with  in  their  mannlkotnre. 
Date  of  inspection.— Shell  oudies,  November  39, 1884 ;  sabot  and  ahell  complete.  Awrfl  It,  IMB^ 

R.  BlRNIB,  J^ 
lAmaUmmmt  of  Ordmmmm^ 


Inspection  report  of  610  pound  V2-iHch  ogiral-headed  Eureka  shell  for  mmgzh'Umdin§  r^ 
mortar^  miide  for  the  United  States  Ordnance  Department  hw  Wtt't  Point  Fomnirji  Amh 
ciation,  at  West  Point  Foundry,  under  contract  of  Chitf  of  Oramamce^  U.S.  ArmjiiAiJ^ 
gust  7,  1884. 


Subject  of  measurement. 


Presorlbed 
dimeniiona. 


Allowed  Tail* 


PKOJBCTILB. 

Length  of  cylindrical  portion  of  body  <  Jf^nt 

Length  of  conical  portion  of  body ! 

Leu;!th  of  liead *. j 

Length  <»f  Imso  for  !<abot ' 

Total  length  of  pn\jectile j 

Diameter  of  cylindrical  portion   <  f^^nt 

Diameter  of  conical  baee  under  siibot  |  J^,^*" 

Kadius  of  head 

Thicknj'SH  of  bottom 

Leuuth  of  interior  cavity ' 

TliickucHH  of  walla  at  5.G  inches  iVom  base 

Thickue.'tH  of  walU  at  lft.7  iuchett  from  base 

KtM'cniricity  of  axia  of  interior  cavity  .per  cent,  of  caliber . . 

Diameter  of  "wrow-plug  hole ..'. , 

Pit  ell  of  thrt*a«l  on  serew-plag  hole to  the  inch  .' 

Length  of  thread  on  screw-plng  hole 


12L176 
2.0 
L25 
13.4 
10 
83.776 
11.92 
11.97 
11.3;; 
1L72 
l&O 
8.0 
22.45 
2.50 
2.585 


Jfidk.     PsrsL 


±.05 
ji-.Ol 

|:fc0.1 

±0  5 
±OLl 
±0.1 


! 


±1 


Weight  of  pi-ojectile  with  ping 

SABOT. 

KadiuM  for  outside  cup  of  l>aae 

liadius  f«>r  iuAide  cup  of  base 

Hei;;ht  of  Hal)ot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  jihm 

Tliicknesa  of  parallel  portion  of  base. 

Distance  of  cannelure  from  rear 

Depth  of  cannelure 

Maximun  width  of  cannelure 


Weight  of  aal)Ot  (compute<l)  . . . 
Weight  of  ft:il)ot  and  projectile. 


2.0 

6 
8.0 

584. 

Inekes. 
8.15 
0.3 
8.75 
11.87 
.4 
.25 
.8 
.85 
.3 
Lbs. 
24 

0.08 


±.01 


>±.01 


I 


J 

I 

C+10.1  I. 
)-  CI  ,. 


...-   .'• 


yuml>er  of  GlOiiound  Il'-inch  Eureka 
ahell  cxamiued 103 

NnuilHT  rejected  for  defects  in  material 
or  tinirth 5 

Total  number  rejeet«»d 5 

Total  number  accepted  98 

Weight  of  heaviest  one  aceepteil  (in- 
cludini!  (Uibt»t) 013 

Weight  of  lightetit  one  aeci'pted  (inclnd- 
inj:  sabot) 598 

Weight  of  total  number  accepted  (ex- 
eluding  salmt)    57,020 

Mean  weight  of  projectile  (including 
sabot ) 603. 61 


I 

II 


Number  of  aabota  examined  . 
Number  of  aabota  rejected  fori 

dimensions  (rough  oaatingal 

Number  of  aabota  rcijeeted  fi>r  dafeetiiB 

material  or  finish 

Total  nomber  of  aabota  r^le«ted V 

Number  of  aabota  accepted '^ 

Weight  of  total  number  aeoeptoi \  d^S 

Mean  weight  of  sabot     fl<» 

Weight  of  total  numb«r  of  ahoi  aaA 

sabota  accepted M^IM 

Actual  weight  of  bate  ping  (avm^ . .  i* 
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PHYSICAL  PROPERTIES. 


Tenacity. 


SpecimeiL 


Density   (act-  I 
aal).  ; 


;    Pre-    ' 
iBcribed.l 


ActuaL 


iftht  specimene. 
ATora^.... 


C  From     7. 1 1 19.  )  «r  ^,^.1  C  From  26, 436 
{  To         7. 3273  5     •   ^  {  To      30, 467 


7.2023 


28,746 


Allowed 
varia- 
tions. 


Actual  varia. 
tiona. 


_ft5From-f  1,486 
— "^To      -f5,467 


+8,746 


Sabot  motaL 


Copper,  76  parts. 
Zinc,  25  parts. 


Lbmahkb. — One  projectile  in  addition  to  the  two  hundred  required  to  complete  contract  accepted 
tier  authority  ftx>m  the  Chief  of  Ordnance,  U.  S.  A.,  dated  April  80,  1885.  Hhell  bodies  made  after 
iwinj;  "corrected  October  11.  1884;"  sabots  after  drawing  dated  April  4, 1885.  Shipped  to  Unitad 
»tea  proringirronnd,  Sandy  Hook,  New  Jersey.  May  16,  1885. 

eertify  that  I  have  carefully  inspected  the  above-noted  projectiles,  and  that  they  conform  to  the 
aensions  prescribed  within  the  variations  allowed :  and,  further,  that  the  terms  of  the  contract  as 
materia]  and  workmanship  have  been  complied  with  in  their  manufacture.  * 

>ate  of  inspection. — Shell  bodies,  November  29, 1884 ;  sabots  and  shell  complete,  April  28, 188S. 

B.  BIRNIB,  JlL. 
LimitenarU  qf  Ordnance^  Inapetior. 


i*p€fctian  report  of  Eureka  sabots  for  I2inch  ogival-keaded  shell  for  mnzzU'loading  rifled 
mortar^  made  for  the  United  States  Ordnance  Department  bjf  West  Paint  Foundry  Aseo- 
ciattoii,  at  West  Point  Foundry j  under  contract  of  Chief  of  Ordnance,  U,  8,  Army,  dated 
August  7,  18r^4. 


Subject  of  measurement. 


Prescribed !    Alloa  ed 
dimensions.*  Tarlations. 


SABOT. 

Radius  for  outside  cup  of  base. 

RHdiuM  for  inside  cup  of  base '. 

Height  of  sabot 

Kxti^rior  diamet4*r  of  sabot    

Thickness  of  base  around  pluic 

Thickn<*w«  of  parallel  portion  of  base 

Distance  of  cannelure  from  rear A  • 

I>epth  of  cannelure 

Maximum  wiilth  of  cauelure 

Weight  of  sabot  (computed) 24  pounds. 


*^>ier  of  I'i-inch  Eureka  sabots  examined .  209  '  Number  of  sabots  rejected  for  defects  in  ma- 

^J^ht  of  h«*avieHt  sabot  accepted. 23;      terial  or  finish 4 

^Khtof  lightest  saliotaccept'Ml 21  '■  Total  number  of  sabots  rejected 9 

*>  ber  of  sab«>ts  examinrnl •.  ...     209     Number  of  sabots  accepted 200 

'^'ber  of  sabots  rejectiMl  for  erroueous  di-  Weight  of  total  number  accepted 4,400 

^cisions  (rough  castings)...  5     Mean  weight  of  sabot 82 


Composition  of  sabot  metal:  Copper,  75;  zinc,  25  parts. 

^KMAKKS.— Made  after  drawing,  dated  April  4,  1885.    Shipped  to  United  States  proTing-gronnd 
«ly  Hook,  N.  J..  May  16.  18H5. 

^«rtify  that  I  have  carefully  inspected  the  above- noted  projectiles,  and  that  they  conform  to  the 
^^nsions  prescribed  withiu  the  variations  allowed ;  and.  inrtner.  that  the  terms  of  the  contract  as 
^%t«rial  anil  workraunMhiphave  been  compiled  with  in  their  manufacture. 
'<ate  of  inspection.  May  7,  1K85. 

R.  BIRNIE,  Jb., 
Lieutenant  qf  Ordnanee^  Inspeetor. 
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PACKIXG  CASES  FOR  BE  AFT  PROJECTILES. 
By  Likut.  Rogers  Birnik,  Jr.,  Ordnance  Drpartxicxt. 

(2  plates.) 

West  Point  Foundry, 
Cold  Spring,  X.  T.,  September  26^190. 

General:  Pursuant  to  your  instructions,  I  bave  the  honor  to  sabaS 
the  following  description  of  the  method  of  imcking  heavy  projeetihi^ 
which  was  approved  by  you  under  date  of  May  I,  1885. 

The  packing  barrels  were  originally  designed  to  facilitate  the  haad- 
ling  in  transportation  of  12inch  breech -loading  shot  weighing  from  701 
to  800  pounds  each,  replacing  the  square  boxes  heretofore  ordinaritr 
used  for  packing  projectiles. 

In  April  of  this  year  twenty-live  12-inch  muzzle-loading  rifled  mofOi 
shell,  net  weight  610  pounds,  were  packed  in  this  way  and  shipped  froB 
this  foundry  to  the  proving  ground  at  Sandy  Hook,  N.  J.  Upon  li 
examination  made  after  the  arrival  of  the  projectiles  at  that  place,  ih0 
following  report  was  made : 

•  The  Ordnance  Board,  U.  8.  A. 

New  York  April  S9, 1866^ 

Kespectfnlly  rt'tiirncd  to  the  Chief  of  Ordnance,  U.  8.  A. 

LicutiMiaut  Biri)ie*8  mode  of  packing;  pos^esHes  several  advantages  over  that 
use,  viz : 

(1)  The  barrel  is  Htronjjer  than  the  hox. 

{'2)  If  projectih^s  are  piled  for  storage,  the  contact  aurfacesof  barrels  will  be 


than  thos4^  of  hoxeH.  the  ventilation  Avill  be  better,  and  the  packages  will  lastloMpf 

(:t)  Ah  the  barrel  ean  be  rolled  when  the  box  would  require  loadiDg  on  atradEifii* 
easi«T  to  handle. 

(4)  A  coating;  of  laeqiu-r  or  viiseline  is  necessary  to  preserve  projectiles  from  nrti 
the  oiH'n  juints  of  the  barrel  are,  therefore,  not  rej;arded  as  objectionable. 

It  IS  reeoninieDded  that  Lieutenant  Hirnie's  method  of  packing  be  ftdoptod  lbrkM*| 
project  iles. 

tor  the  Hoanl. 

T.  O.  BAYLOR, 
Colonel  of  Ordnam^  PrmUemt  of 


Fn)m  this  it  will  Ik'  understood  that  projectiles  of  8-inch  ealiberiil 
upwanls,  which  are  intended  to  l)e  placeil  in  store,  should  be  pidi' 
in  the  barrels.  But  if  the  projectiles  are  intended  for  immeduiteiM' 
into  service,  those  of  less  than  :iOO  i>ounds  wei|i^ht  will  preferably  to 
packed  in  the  oi  diiiary  scpiare  box.  which  can  be  made  more  qaiekly  yi 
at  less  cost  than  the  barrel.  In  all  cases  the  projectiles  most  be  mtwi 
with  vaseline  or  lacquer  lH?fore  packing. 

•Samples  of  the  packing  barrels  made  of  pine  are  shown  in  PIlM  I 
and  II,  herewith,  viz: 

V2inch  brecchloadimj  shot,  weight  800  pounds  (Plate  I).— The  Iwd**  . 
staves,  of  equal  width  to  correspond  to  the  twelve  sides  of  the 
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lead,  and  1.25  inches  thick,  extend  the  whole  length  of  the  case.  The 
»ase  piece  is  2  inches  thick,  and  is  recessed  on  the  inner  side  to  receive 
he  head  of  the  screw -plug,  so  that  elsewhere  it  supports  the  base  of 
be  shot  evenly.  The  diameter  of  the  inscribed  circle  of  the  base  is 
1.94  inches,  or  the  same  as  the  diameter  of  the  cylindrical  portion  of 
he  shot  at  rear.  The  head  is  also  2  inches  thick,  but  has  a  batten  1.25 
tiches  thick  on  the  inside  face,  which  is  bored  through  to  receive  and 
upport  the  point  of  the  shot ;  this  batten  also  serves  to  strengthen  the 
ead  and  prevent  it  from  splitting.  Wrought  nails  are  used  to  secure 
he  batten.  The  inscribed  diameter  of  the  head  piece  is  12  inches,  or 
early  the  same  as  the  diameter  of  the  cylindrical  portion  of  the  shot 
t  front.  The  difference  in  the  size  of  the  head  and  base  makes  the 
xterior  of  the  case  slightly  pyramidal  in  shape  and  allows  contact  be- 
w^eeu  the  staves  and  the  rear  portion  of  the  shot ;  each  stave  is  lightly 
ecessed  over  the  place  of  the  band  in  order  to  clear  it.  The  staves  are 
istend  to  the  head  with  I2d,  nails,  2  in  each  end  of  each  stave,  thus 
equiring  about  1  pound  of  these  nails  for  each  box.  The  barrel  is  held 
round  with  four  bands  of  1-inch  hoopirou  punched  and  secured  by 
rronght  nails  to  each  stave.  Two  straps  of  this  hoop-iron  are  like- 
rise  secured  across  the  grain  of  the  base  of  the  barrel,  as  shown  in  the 
rawing,  to  prevent  this  piece  from  splitting. 

In  packing,  the  barrel  is  built  around  the  projectile.  The  base  piece 
eing  laid  on  the  floor,  the  projectile  is  raised  and  phiced  to  rest  ver- 
Lcally  \i[X)ii  it;  the  head  is  then  rested  upon  the  projectile  and  the  staves 
listened.  The  marks  placed  upon  the  liead  of  the  barrel  indicate  the 
:incl,  caliber,  and  weight  of  projectile,  and  the  place  where  manufact- 
ired. 

12'inch  muzzle  loading  rifled  mortar  shell  Uurelcaj  tceight  585  pounds 
Plate  II). — This  packing  case  difl'ers  essentially  from  the  former  only 
Q  the  details  of  the  base  piece  and  recesses  in  the  staves,  which  are 
.rnvnged  to  protect  the  sabot  in  transportation.  With  the  Eureka 
Arrick)  sabot  the  head  of  the  screw-plug  is  within  the  rim  of  the  cup, 
kiid  it  is  necessary  to  place  a  thickness  of  board  on  the  inner  face  of 
he  base  piece  of  the  barrel  to  support  the  weight  of  the  projectile 
kgainst  the  head  of  the  screw-plug.  This  piece  is  0.75  of  an  inch  thick 
md  bored  through  for  the  head  of  the  ba«e  fuze;  it  supports  the  head 
>f  the  screw  plug  but  does  not  bear  upon  the  sabot;  moreover,  being 
tailed  to  the  base  i)iece  of  the  barrel,  it  serves  as  a  batten  and  renders 
he  use  of  the  outside  cross-straps  of  hoop-iron  unnecessary. 

Nomenclature. — These  examples  illustrate  the  general  designs  of 
barrels  adapted  to  packing  the  preseiit  service  projectiles.  The  packing 
carrel  consists  of,  1,  the  base  piece;  2,  the  head  piece;  3,  the  staves; 
t,  the  base  batten ;  5,  the  head  batten  ;  6,  the  hoops ;  7,  the  base  straps. 
VVhen  the  base  batten  is  used  the  base  straps  may  be  omitted,  and  the 
•everse. 

The  base  and  head  pieces  should  be  made  from  boards  planed  on  one 
jide;  a  pattern  is  used  to  lay  out  the  figure  on  the  smooth  side,  and 
the  pieces  are  then  shaped  with  a  saw.  The  lumber  used  for  the  staves 
tieed  not  be  planed  or  the  staves  themselves  dressed  after  being  sawed 
>ut.  They  can  readily  be  made  of  uniform  size  and  placed  around  the 
projectile  with  joints  slightly  open  at  the  most.  The  recesses  for  the 
3auds  are  made  in  the  staves  by  taking  a  shallow  sawcut  at  each  side 
>f  the  recess  and  afterwards  removing  the  intermediate  portion  by 
jand  labor ;  these  recesses  in  no  case  need  exceed  0.125  of  an  inch  in 
iepth. 
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MODIFICATIONS  OF    THE   DRAWINGS  WITH    DIFFEBENT  PBOJECTOn 

AND   CALIBERS. 

Number  of  tfides. — For  8-ineh  projectiles  the  barrels  should  l)e  made 
tfix-sided,  f4>r  10  inch  projectiles  eitfht^idedj  aud  for  12iiich  and  larj^er 
calibers  ^?rW re  sided. 

The  head  and  base  pieces. — For  8-iiieli  projectiles  the  head,  which  is 
always  batteiie<l,  may  be  made  1.3  inches  thick,  with  a  batten  1.0  inch 
thick,  and  the  base  also  1.5  inches  thick  when  it  is  battened,  as  iu  the 
case  of  muzzleloadinjr  i>rojectiles  with  a  sabot  like  the  Arrick,  bat  it 
shonld  be  2  inches  thick  if  the  head  of  the  screw  plu^  be  countersank, 
as  with  breech  loading  ]>roj«'Ctiles  or  muzzle  loading  projectiles  of  the 
Butler  kind.  For  10  inch  projectiles  and  above,  the  thickness  of  the 
head  or  base  should  not  be  less  than  2  inches,  and  for  projectiles  of  orcf 
800  |H)unds  wei<;ht  the  thickness  of  the  base  piece  should  be  increased 
to  2.5  or  3  inches. 

The  stares. — Up  to  10  inch  calil>ers  inclusive,  a  thickness  of  1  inchie 
sufficient  for  the  staves;  larger  calihei*s  will  require  a  thickness  of  1.35 
inches.  The  staves  need  not  be  recessed  for  the  sabot  iu  cases  where 
they  would  not  press  injuriously  upon  it,  as,  for  instance,  with  the  pres- 
ent 8-inch  muzzle-loading  Hutler  or  Arrick  projectiles,  where  the  sabot 
forms  a  continuation  of  the  straight  cylindrical  i>ortiou  of  the  projectile.* 

The  head  batten. — This  is  necessary  with  all  projectiles;  a  thickneM 
of  1  inch  will  suffice  for  ]>rojectiles  up  to  10-inch  calibers  or  others  nol 
much  exceeding  0(K)  pounds  in  wiight.  For  larger  or  heavier  projectile! 
the  thickness  should  not  be  less  tlian  1.25  inches. 

The  base  batten. — This  is  used  only  when  necessary  to  protect  satA 
sabots  as  the  Arrick,  its  tliickness  being  such  as  to  clear  the  rim  of  the 
cu|>  from  the  base  of  the  barrel  whilst  su|>porting  the  head  of  the  screv- 
plug  of  the  ])roject11e;  but  to  be  effective  as  a  batten  the  thickness 
should  not  be  less  than  0.025  of  an  inch. 

The  hoops. — Kight-inch  i^rojeetiles  will  need  only  three  bands  of  hoop- 
iron;  with  longer  barrels  than  shown  on  the  drawing,  for  the  SOOpomid 
12-inch  shot,  a  greater  number  than  four  may  be  found  expedient. 

The  base  straps. — These  must  be  use<l  ami  placed  across  tlie  grain  ot 
the  base  piece  to  prevent  splitting,  when  the  latter  is  not  secar^  by  a 
batten. 

Verv  respect fullv,  vour  obedient  servant, 

R.  BIBNIB,  Jr., 
Lieutenant  of  Ordnanee. 

*  In  cases  of  this  kind,  also,  the  haM',  aii<l  lii*nd  pieces  would  be  of  equal  slie  aod  thi 
•tavt>8  of  thi*  harn'l  paralK-l  instead  of  converjj^ont,  ns  indicated  in  the  drawings  n 
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TION  REPORT  OF  8  AND  10  ISCH  CORED  CJSTIROX  SHOT,  WITH 
SABOTS  OR  BASDS,  FOR  RREECH-LOADiyO  RIFLES,  MADE  Al 
VEST  POINT  FOUNDRY. 

By  Lieut.  Rogers  Birnie,  Jm.,  Ordnance  Dkpartment. 

(1  plate.) 

West  Point  Foundry, 
Cold  Spring,  N.  T.,  September  21, 1885. 

IRAL  :  I  bave  the  honor  to  submit  herewith  inspection  reports 
)llowing  projectiles  made  at  this  foundry  under  contract  of  April 
,  viz : 

iiie  IbO-pouud  8- inch  cored  cast-iron  shot. 

ne!  23r>-ponnd  8-inch  cored  caHt-iron  sliot. 

indred  and  syc  285- pound  H-inch  rored  ciist-iron  shot. 

lundred  and  one  450pound  10-iuch  cored  cast-iron  shot. 

)  projectiles,  intended  for  8  and  10  inch  breech-loading  rifleS| 
pared  for  service,  except  banding,  and  have  been  temporarily 
nd  stored  at  this  i)lace. 

ccompanying  drawing  shows  the  dimensions  of  the  projectiles 
?.  After  casting  a  few  samples  of  each  kind  it  was  found  neces- 
add  to  the  dimensions  of  original  designs  in  onler  to  obtain  the 
d  weights,  as  follows :  With  the  235-pound  8-inch  shot  0.5  of  an 
th  the  285-pound  8-inch  shot  0.3  of  an  inch,  and  with  the  10-inch 

of  an  inch  was  added  to  the  cylindrical  body  at  the  base, 
wing  the  usual  method  of  manufacture  at  this  foundry,  all  shot 
St  point  down,  with  metal  taken  directly  from  the  air  furnace, 
'e  fed  (except  for  the  180-pound  shot,  for  which  there  was  but 
ling  head)  with  hot  metal  and  stirring  rods  through  two  small 
ri  diametri(!ally  opposite  sides  of  the  core.  The  bases  were  cast 
led  dimensions,  except  a  small  ^*  boss,"  left  for  machine  finish- 
e  part  under  the  head  of  the  base  plug.  The  metal  was  drawn 
all  ladle,  holding  from  1,G00  to  1,800  x)ounds.    This  method  of 

the  base  to  finished  dimensions  is  ordinarily  followed  at  this 
',  and  the  hard  skin  thus  left  on  the  casting  is  believed  to  be 
igeous  to  the  strength  of  the  shot  independent  of  the  cost  of 
i(»n.  But,  unless  the  iron  for  the  charge  is  carefully  selected, 
fticult  to  fulfill  the  requirements  of  the  manufacture  by  this 
.  The  upper  surface  of  the  casting  is  liable  to  be  unsound.  In 
sent  case  the  number  of  castings  rejected  by  reason  of  defective 
mounted  to  nearly  10  per  cent,  of  the  whole,  and  has  led  the 
s  to  consider  the  i)ropriety  in  the  future  of  casting  large  pro- 
with  a  sinking  head  several  inches  high  over  the  whole  of  the 
However,  former  experience  here  has  shown,  in  the  casting  of 
shot  from  700  to  800  pounds  weight,  and  also  with  varying  cali- 
>wn  to  8  inch,  that  with  an  enlirely  suitable  mixture  of  iron 
.hlj'  satisfactory  shot  can  be  made  in  the  most  economical  man- 
casting  the  base  to  finished  size,  as  before  indicated.  The  use  of 
dings  for  the  stirring  rods  becomes  necessary  when  the  cores 
g,  since  feeding  upon  one  side  alone  disturbs  the  position  of  the 
d  is  liable  to  render  the  shot  eccentric. 

bllowing  table  gives  a  record  of  the  castings  and  tests  of  metal, 
ig  composition  of  the  charge,  for  each  lot  of  castings: 
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It  will  be  seen  that  tbe  above  mixtures,  with  a  few  excoi>tioii9,  pro- 
duced iron  of  the  nMiuired  tenacity,  28,00<)  pounds  per  square  inch, 
and  of  suitable  specific  gravity,  placinj^  the  ilesirable  lower  limit  for 
this  last  at  7.13.  There  was  a  relatively  lar^e  number  of  i-ejecte*!  cart- 
ings, principally  for  defects  in  the  metal,  due  principally,  it  is  believed, 
to  the  use  of  air-furnace  scrap  (sprue-heads,  &c.)  lacking  in  cleanliness. 
The  introduction  of  a  certain  amount  of  remelted  air  furnace  castings 
is  highly  beneficial  to  the  strength,  and  in  this  case  the  founders  used 
the  only  material  of  this  kind  at  hand,  to  their  ultimate  loss,  however, in 
the  close  inspection  which  each  projectile  receives  before  it  is  accepted. 
AVhere  gun-scra]>  is  obtainable,  a  mixture  of  this  with  a  soft  anthracite 
and  a  medium  charcoal  pig  is  found  to  producre  good  results. 

Of  the  ditt'erent  grades  o\'  pig-iron  used,  the  Amenia  and  Gere  an 
charcoal  irons  and  the  Hudson  and  Poughkeepsie  anthracite  irons. 
The  Amenia,  produced  at  the  Wassaic  Furnace,  Dutchess  County,  New 
York,  has  come  into  notice  within  the  past  few  years.  A  8|>eGiinen 
taken  from  No.  3  pig  and  tested  at  this  foundry  June  3,  1885,  g^vea 
tenacity  of  18,848,  and  one  of  No.  4  tested  at  the  same  time  pive  40,388 
pounds  per  stjuare  inch.  The  (lere  iron  is  j)roductHl  at  Port  Leyden 
(near  ^Syracuse),  N.  Y,  Kecent  tests  of  the  No.  U  pig  at  this  foundry 
gave  tenacities  varying  from  14,385  to  10,219  )>ounds  i>er  square  inch. 
The  Hudson  iron  has  given  satisfaction  in  continued  use  at  tliis  fouudiy. 

The  specitic  gravity  and  tenacity  were  determined  for  each  lot  cast 
by  taking  a  specimen  from  one  of  the  shot,  which  was  cut  in  two  acroM 
the  largest  cross-section  of  the  core.  The  specimen  was  then  removed 
from  tlie  exposed  face  of  the  base  portion  with  a  hollow  boring  tool^ 
taking  the  axis  of  the  specimen  parallel  to  that  of  the  shot. 
Verv  respectfullv,  vour  obedient  servant, 

11.  BIR^ME,  Jr., 
LieHteHHHt  of  Ordnance. 

Innpeciion  report  of  If^O-pottnd  H-inch  oyival-hcaded,  cored  cant-iron  $hot,  without  94ihQt$$t 
handsy  for  bretch-  loudiay  rifien^  madvfor  the  United  States  Ortinance  Ih'partmemt  bg  Wmt 
Point  Foundry  Janocitttionf  at  ll'tat  Point  Foundry,  under  contract  of  Cki^ of  Ordnmmeif 
i\  ^'.  Jrwi]/,  dattd  April  'i;'),  1^85. 


Subject  of  lueAsurenient. 


FUOJElTILE. 

Length  of  cylindrical  ]>ortion  of  iMHly 

L<>ii>;th  of  Iicud 

Totii)  Icn^Ith  of  pi-ojcctilc         

Diameter  of  cyliiulrical  portion 

Kailiiirt  of  head 

Thiikiirss  of  hottoiu 

I.cnirtli  of  inttTHir  cavity ; 

Tliickni'tu*  of  wall>4  at  4.6.1  iiiclien  from  Uase  ..  ■ 

K«'icntrii-ity  of  axis  of  interior  cavity I 

Diameter  of  m-ivw  plu;:  IkiIc .* j 


Pitt-li  of  thicail  on  hcrow-plu;;  liolo 
Length  of  thnad  on  scn-w-plu;:  hole 


Prencribed 

Allowed 

dimeDftiooM. 

varUtio&s. 

Inche», 

Inch. 

10.538 

-0.21 

8.9U2 

-0.17 

10.44 

±0.19 

7.95 

±0.01 

12.0 

:t:0.05 

2.8 

±0.1 

10.25 

t:0.1 

2. 225 

^0.1 

U  per  cent,  of  caliber. 

1.5 

1-0.01 

8  to  tb«  Inch. 

2.3 

:!:ai 

Lbt.oz. 

1  5      • 

\V«'ij;ht  <»f  rtcrcw  plujr 

•  f       i~1  ft     I 
Weight  of  i>roj<ctile  with  «crew  plug !        180  0       J       -i-i?    I 


Xnnibcr  of  180<pound  8-inch  cortMl  caHt-iixin 

8hor  f'xaniineil    ....  65 

Xuiuln'r  n'j«'cted  for  eccentricity  of  interior 

cavity 2 

NuniWr  rejected  for  defectA  in  material  or  !  Weight  of  total  number  accepted  ...da..  XtW 

finish     4  !  Mean  weight  of  pT<^octlla .....  di..      Ifti 


Total  nomber  rejected    

Total  number  accepted 

Weight  of  heavietit  one  aoeeptcd...lka. 
Weight  of  lighti'st  one  accepted  . ..  .da. 
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PHYSICAL  PROPERTIES. 


Specimen. 


Density  (act- 
ual). 


Tenacity. 


Pre- 
scribed. 


Actnol. 


Mean  of  foar  specimens,  one    C  From  7. 1291 
from  each  lot  cast I  i  To      7. 2850 


Allowed 
variations. 


Actual  varia- 
tions. 


97  nftft  5  ^">™  25,  536  ) 
^,0U0  J^^      31.057  5 


-2  000  5^*"°™    -l.*65 
-^000,J,p^        +4,057 


Average 


7. 1935 


28.377;, 


+  1,377 


Rbmakke. — Boxed,  with  covers  lightly  fastened,  to  provide  for  removal  when  banding  is  required, 
aiHl  st<>r»-d  at  West  Point  Foundry. 

I  certify  that  I  have  carefully  inspected  the  above-not^d  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  toe  variations  allowed;  and,  further,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  have  been  complied  with  in  their  mauufapture. 

Date  of  inspection.  August  1,4,  1885.  R.  BIRNIE.  Jb., 

Lieutenant  of  Ordnance,  Inspector, 


Inspection  report  of  *2'.ir}-j)ound  Hinch  Off  iral- headed  cored  cant-iron  shot^  without  sabots  or 
banda,  for  breech-loading  rijlen.  made  for  the  United  States  Ordnance  Department  by  West 
Faint  Foundnj  Anifociation,  at  JVest  Point  Foundry,  under  C9ntract  of  Chief  of  Ordnanc€f 
r.  S.  Army,  dated  April  25,  18H5. 


Subject  of  measurement. 


Prescribed '    Allowed 
dimensions,  variations. 


rKOJKCTILE. 


Length  of  cylindrical  portion  of  body  i  '" 

Length  <»f  conical  portion  of  body 

Length  of  he^id 

Total  length  of  projectile , 

Diameter  of  cylindrical  poriion  <  J-f  *Jf* 

Radius  of  head  

Thickm'ssof  bottom , 

Lenuth  of  interior  cavity , 

Tliickiu'ss  of  walls  at  4  6  inches  from  base. 
ThiikncHs  of  walls  at  9.0  inches  from  base. 

Eccentricity  of  axis  of  interior  cavity 

I>iaraeter  oif  Nrr»*w-plug  hole , 

Pitch  of  threa<i  on  screw-plug  hole , 

Length  of  thread  on  screw-plug  hole 


Weight  of  screw-plug 

Weight  of  projectile  with  screw-plug. 


Inches. 

Inch. 

9.45 

+0.19 

2.75 
1.25 

±0.05 

10.55 

-«.21 

24.0 

±0.24 

7.93 
7.97 

\ 

±0.01 

16.0 

±0.05 

2.75 

±0.1 

10.15 

±0.1 

2.715 
2.  715 

1 

±0.1 

1 J  per  cent 

.  ol 

'  caliber. 

L5 

±0.01  1 

8  to  th< 

3  inch.            1 

2.75 

±0.1 

Pounds. 

1            1  65 

235  0 

-2.35 
+  3.52 

Xaniherof  2.3.^-poand  8-inch  cored  cast-iron 
.shot  examined     .... 

NuinlM-r  rejecte<l  for  eccentricity  of  interior 
cavity    

Number  rejected  for  defects  in  material  or 
fiuisli 


60 


Total  number  rejected 

Total  number  accepted 

"Weight  of  heavieHt  one  accepted. .  .lbs. 

Weight  of  lightest  one  accepted do. 

Weight  of  total  numl)er  accepted  ..do. 
Mean  weight  oi  projectile do. 


9 

51 

236 

233 

11,969 

234.7 


PHYSICAL  PROPERTIES. 


Specimen. 


Density  (act- 
ual). 


Mean  of  two  specimens,  one    <  From  7,  2430? 
»t  cast i  To      7. 'J4715 


from  each  lot 


Average 


7.  2450 


Tenacity. 

Prescribed.           Actual. 

Actual  varia- 
tions. 

97  cu\n    S  From  26,  613 
-/,000    ^rj,^      27,154 

From   -387 
To        +154 

26  884 

-116 

Rjuf  AKK8. — R<»xed.  with  covers  lightly  fattened,  to  provide  for  removal  when  required ;  to  be  banded 
and  stored  at  West  Point  Foundry. 

I  certify  that  1  have  caiefuUy  iii.Hjiected  the  above-noted  projectiles,  and  that  they  conform  to  the 
dimenaions  prescribed  witlnn  the  variations  allowed  :  and,  further,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  have  been  complied  with  in  their  manufacture. 

Date  of  inspection,  August  14, 1H85.  R.  BIRNIE,  Jr., 

Lieutenant  of  Ordnance,  Inspector, 


1 
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Inspection  report  of  Ht^o-vound  S-inch  ogival-kfoded,  cared,  castinm  ehot,  witkoni 
hands,  for  breech-loading  rifles,  made  for  the  United  States  Ordnance  Deunrtmwm 
West  Point  Foundry  Jsnociation,  at  West  Point  Foundry,  under  contract  ^fCkk^^f 
nanoe,  U,  H.  Army,  dated  April  25,  1^^. 


PAKTIALLY  PREP  ABED  FOB  SEBVICE. 


Subject  of  meaaorement. 


PreMribed     Allowed 
dimensions.  vmriAtiMw. 


PBOJKCTILB. 

I  Lenjcth  of  cylindrical  portion  of  body  |  [J^^**, 

Length  of  conical  portion  of  body 

Lonstb  of  bead 

Total  leugtb  o|  projectile 

Diameter  of  cylindrical  portion  J  JJJJt' 

Radius  of  bead 

Thickneiw  of  bot  torn 

Length  of  int«'rior  cavity 

TkickneAS  of  u-alln  at  4.75  inches  from  base. ..' 
:  Thickness  of  wallA  at  13.65  inches  from  base.. 

Eccentricity  of  axis  of  interior  cavit}' i 

Diameter  of  A(*rew-plag  hole I 

Pitch  of  threat!  ou  ^crew-plui;  hole < 

Leoglh  of  thread  on  sorew-pVa);  hole 


"Weight  of  screw-plug 

Weight  of  projectile  with  screw-])lng. 


Inehss. 

18.76    ; 
2.75 
1.25 

10.55    ; 

2&30  I 
7.9s  ' 
7.«7 

l&O 
S.5 

13.15 
2.715 
2.715 
1^  per  cent 
1.5 

Pounds.    : 

2.0      i 

285.0      I 

I 


+0.27 

±0.05 

-0.21 
dbO.28 

±0l01 

db0.05 

±0.1 

±0.1 


I 

I       ±0.1 

.  of  caliber. 

±0.01 
inch. 

±0.1 


{ 


-2.85 

+4.27 


Number  of  285-pound  8-inch  cored  cast-iron 
shot  examined 264 

Number  rejected  tip  erroneous  dimensions 
of  interior  cavity 2 

Number  rejected  for  eccentricity  of  in- 
terior cavity  10 

Number  rejected  for  defeats  in  material  or 
finish 46 


Total  number  rejected 

Total  numlier  srcepted 

Weight  of  heaviest  one  accepted...  Iba. 
Weijzht  of  lightest  one  accepted  . .  .do. . 
Weight  of  total  number  accepted  ..do.. 
Menu  weight  of  projectile do.. 


PHYSICAL  PROPERTIES. 


Specimen. 


I 


I  Density  (act-  i 
uai). 


I 


I 

Mean  of  seven  spe<Mmens,  '  (  From  7. 0956> 
one  from  each  lot  cast (To      7. 3251\ 


Average 


2104 


Prescribed. 


Tenacity. 


Actual. 


ActoaJ 


97  AIM    (From 27, 154  ;  From  +   151 
^•"**    {To      81.009  1  To      -^m 


28,350 


-1. 


Rkmabrs.— The  wei;:lit  uf  twelve  of  the  shot  accepted  was  raised  to  standard  bj  nddtag 8 
to  the  bas(>-plut:.  ^hich  v.im  leugtheneil  bv  sci-wwing  in  an  iit>n  rod  extending  throngb  thee 
point.   Pr('»je«  tiles  boxed.  \%  itli  covfi  s  lightly  fftsteued,  to  provide  for  removal  when  bandfngis 
and  store*!  at  West  Pitiut  Foundry. 

I  certify  that  I  Iiuve  mrffullv  inspiH-tv4l  the  above-noted  projectiles,  and  that  ther 

dimensioi'is  prescribed  witliiu  t\iv  variations  allowed;  snd.  furtner,  that  the  terms  of  theeoai 
to  material  and  workiiiauHhip  Iiuve  bi^^u  complied  with  in  their  manufacture. 

Date  ttf  insiH'Ctiun.  Au^ubt  14,  18<<r>. 

B.  BIBNIE.  Jl^ 
£ieif  foMifif  (t^  OrdiMNMt,  /i 
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I  repart  of  450'pound  lO-inch  ogival-hecLded^  oored^  cast-iron  §hott  withvut  9ahoU  or 
'or  breech-loading  riflen  made  for  the  United  States  Ordnanoe  Dmartmeni  by  West 
foundry  Associationy  at  West  Point  Foundry,  under  contract  of  Chief  of  Ordnanoe, 
rmy,  dated  April  25,  18&5. 


PARTIALLY  PREPARED  FOR  SERVICE. 


Subject  of  measuremMit. 


PROJBCTILB. 

Length  of  oylindrioal  portion  of  body  J  J^f*'  *  * 

Length  of  conical  portion  of  body 

Length  of  head 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  <  ^^^J 

Radius  of  head  

ThicknetiA  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  5.10  inches  fkt>m  base. . . 

EccentricitT  of  axis  of  interior  cavity 

Diiuni'tcr  ot  screw-plug  hole 

Pitch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screw-pmg  hole 


Prescribed 
dimentiuns. 


Jnehet. 

12.90 

2.75 

1.25 

13.21 

8<j.20 

0.03 

0.07 


Allowed 
YariatioiiB. 


} 


Insh, 
+0.25 

±ao5 

-0.26 
±a30 

±0.01 


Weight  of  screw-plug 

Weight  of  proiectile  with  screw*plug. 


20.0 

±0.05  . 

3.0 

±0.1 

14.56 

±ai 

2.78 

±0.15 

1^  per  oen  t  of  oidiber. 

1.75  1           i:0.01 

6  per  inch. 

8.0 

±0.1 

Pounds. 

2.5 

450.0 

S       -4.5    ' 
{       +6.75: 

1 

r  450-pound  10-inch   cored  cast* 

;  examined 880 

(ject«d  for  erroneous  dimensions 

►r  cavity 5 

ejected  for  eccentricity  of  inter- 
sected for  defects  in  material  or 
73 


Total  number  rejected 70 

Total  number  accepted 801 

Weight  of  heaviest  one  accepted  .  .lbs. .  456 
Weight  of  lightest  one  accepted  . .  .do. .  444 
Weight  of  total  number  accepted . .  do . . .  185^  1 68 
Mean  weight  of  projectile do. . .       449L  06 


PHYSICAL  PROPERTIES. 


Density  (act- 
ual.) 

Tenacity. 

Specimen. 

Prescribed. 

Actual. 

Actual 
Yariations. 

D  of  seventeen  specimens, 
le  from  each  lot  cast 

5From7.C956> 
\  To      7. 3720j 

27,000 

C  From  26. 254 
{  To      38, 986 

From—  7.46 
To      +68.86 

Average ....... 

7  2549 

80.281 

+82.81 

8.— The  weight  of  twenty-two  of  the  shot  accepted  was  raised  to  standard  by  adding  4 
the  base-plug,  which  was  lengthened  bv  screwing  in  an  iron  rod  extending  through  the  core 
t.  Projectiles  boxed,  with  covers  lightly  fastened,  to  provide  for  removal  when  mmding  is 
ind  stored  at  West  Point  Foundry. 

that  I  have  carefully  iuHpected  the  above-noted  projectiles,  and  that  they  conform  to  the 
s  prescribed  within  the  variations  allowed ;  and,  mrther,  that  the  terms  of  the  contnot  at 
1  and  workmanship  have  been  complied  with  in  their  manufacture, 
inspection.  July  II,  1885. 

R.  BIRNIE,  Js., 
LietUenant  qf  OrdnaneSy  In^psetor. 
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ORT  OA    RECONSTRUCTION  OF    CONVERTED  S-INCH  RIFLE  NO.  68 

(BREECH  INSERTION), 

By  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

June  10, 1885. 

BNEBAL. :  I  have  the  honor  to  transmit  herewith  the  following  re* 
8  pertaining  to  the  reconstmction  of  converted  8-inch  rifle  No.  68, 
3ch  insertion),  the  inner  tube  of  which,  made  by  Paulding  Kemble, 
3.,  under  contract  dated  June  12, 1883,  for  the  original  gun,  failed 
5r  the  firing  proof  at  Sandy  Hook,  New  Jersey,  July  26,  1884,  viz  : 
echanical  tests  of  two  specimens  of  24-inch  square  Phoenix  bar-iron 
.  for  making  the  new  inner  t\ib%, 

spection  of  coiled  wronght-irou  tube  No.  68  (duplicate), 
spection  of  converte<l  8-inch  rifle  No.  68  (duplicate)  with  record  of 
surenients  with  star-gauge  and  calipers. 

lis  is  the  first  instance  in  which  any  other  iron  of  domestic  man- 
ture  than  the  Ulster  has  been  used  for  making  these  coiled 
ight-iron  tubes.  At  the  time  the  iron  was  needed  for  this  tube 
Ulster  works  were  not  in  operation.  After  several  ineflectual  at- 
[)ts  to  obtain  bar-iron  of  the  requisite  qualities  elsewhere,  a  lot  of 
irs  (sufficient  to  make  tiie  inner  tube)  was  purchased  from  the 
?nix  Iron  Comj)an5'.  The  tests  of  this  iron  herewith  show  that  its 
?ral  i)hy8ical  properties  are  equal  to  those  of  the  Ulster  iron, 
he  iron  was  accepted  upon  the  results  of  the  tests  made  as  given. 
^  iron  is  not  equal  in  purity  to  the  Ulster  iron,  as  shown  by  the 
eral  a]))>earance  of  the  metal  when  machine  finished,  but  the  bore 
he  finished  tube  is  clean  and  free  from  serious  flaws  or  cinder 
ks. 

1  extracting  the  unserviceable  tube  from  the  casing  after  the  muzzle- 
ar,  securing  pin,  and  vent  piece  had  been  remov^,  the  whole  tube 
unscrewed  and  withdrawn  cold.  No  heat  was  applied,  as  in  a  pre- 
is  case  of  the  same  kind.*  In  this  gun  it  is  certain  that  the  two 
Qds  to  which  it  had  been  subjected  in  the  firing  proof  had  not  "set'' 
tube  out  against  the  casing. 

he  jacket  of  the  tube  was  also  removed  in  this  case  without  the 
lication  of  heat.  The  inner  tube  was  cut  off  near  the  muzzle  end 
he  jacket;  the  portion  within  the  bore  of  jacket  was  then  bored  out 
vithin  a  few  inches  of  the  bottom  until  a  shell  of  from  0.01  to  0.03 
in  inch  in  thickness  was  left.  The  bottom  was  then  pierced  through 
eceive  a  strong  bolt,  which  was  ])assed  through  to  the  front  of  the 
let  and  furnished  with  a  screw-thread  at  that  end.  A  cross-head 
\  next  supportetl  against  the  muzzle  of  the  jacket  and  the  shell  of 
tube  withdrawn.    The  sides  were  so  thin  that  no  great  resistance 

•See  Report  of  the  Chief  of  Orduauce,  U.  S.  Army,  for  18S4,  page  350. 
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was  offered,  and  the  jacket  was  found  to  be  intact  when  freed  firom  tlM 
tube.  The  same  Jacket  was  used  in  making  the  new  tube ;  it  was  al 
ready  threaded  and  litted  to  the  casing,  and  atter  being  shrunk  npoi 
the  new  tube,  whon  the  chase  and  shoulder  of  the  latter  were  turned  ft 
finished  size,  was  finally'  assembled  again  in  the  gun  easing  without  re 
quiring  additional  finish  except  some  slight  hand-work. 

In  shrinking  the  Jacket  upon  the  tul^  the  latter  was  uot  brought 
to  a  firm  seat  at  bottom;  a  space  of  0.1  of  an  inch  was  left  between  the 
base  of  the  tube  and  the  bottom  of  the  jacket.  This  space  was  after 
wards  caulked  l\v  driving  in  the  several  segments  of  a  wrought  im 
ring,  finished  and  fitted,  to  fill  the  empty  space.  The  bottom  of  the 
cup,  or  base  of  the  tub4%  finally  received  its  usual  support  from  the  fiM 
of  the  cast-iron  breech-plug,  which  was  carefully  flttetl  to  secure  thiaend. 

The  failure  of  the  original  inner  tube  under  the  proof  firiug  was  doe 
to  the  same  cause  as  in  the  case  of  the  previous  gun  before  referred  ta 
This  tube  was  not  cut  through  the  defects  for  examination,  but  the  it- 
pression  in  the  bore  was  examined  after  the  tube  was  cut  off.  Thed6 
pression  is  situated  at  the  weld  Joint,  between  the  two  coiled  sectionii 
whii'.h  form  the  middle  of  the  tube,  and  besides  the  prominent  deprei- 
sion  mentioned  by  Lieut.  C.  W.  Whipple,  the  officer  in  charge  of  tte 
proving,  viz,  ^' about  0.15  of  an  inch  deep,  1  inch  wide,  and  crosses  two 
lauds  and  grooves."  It  may  now  be  seen,  also,  that  a  slight  deprcseioi 
completely  encircles  the  bore  at  the  same  place. 
Verv  rospectfullv,  vour  obedient  serv'ant, 

R.  BIRXIE,  Jr., 
Lieutenant  of  Ordiumm, 


liepori  01  itn-ptition  oj  voihd  tcromjhi-iron  tube  So.  (>(^,  breech  iuitrtian,  manufitetmrd 
the  U'mt  lUnut  FoHmhji,  for  6-iHvh  wuzzlr-UnidiMg  rifie  converted  from  lO-imck 
binr  L\Hlinan  ijHit,  undtr  vohtract  trith  iht  Chitf  of  OrdnaHce,  U,  S.  Armtf^  dated  Jwm 


Sn'ujrcr  oC  nicasuremeiit. 


Dimcnsiuns. 


Pre- 


Variations. 


Hcrilwi.     -^^-^nal-     Allowed.    ActaaL 


RonarU 


Total  lonnth  of  tJibr 


Total  It-nirth  of  inner  tube  and  jacki-t. 
Pn»jfrtion   of  bretH'h-plu;j  in  roar  of 

tnlu' 

Len^lth  of  bon*  of  tube    

Li'nL'tb  «if  nook  of  tube    

L«  ii;;t  h  of  ohnpe  of  t  ubr    

L('!i^t)i  of  tir!«t  reinforce  of  tube 

LcnjXth  of  soi'ond  ninfoire  of  tube  . . . 
Iii'Uifth  of  third  ifinfoivi'  of  tube 
L>*-n<:t)!  of  fmirtb  n-infou-e  of  tube  .. 

I>iauii'lir  iff  bull' (if  tubf    

I>i:inu-tt  r  nf  luvk  of  tube 

l>ijiiiM't«M  of  ebas"  of  tube 

l>iani»»t«  r  •  f  tiist  n-infon-o  of  tube 

Diaiufifi  of  m-roud  n-intbioe  «»f  tube.. 
IMantli-r  «»f  thinl  n-iiiforre  «»f  tiil>c.  .. 
Uiaiiii-t4T  of  lourtii  leinforre  of  tube.. 

L-n^tb  of  niu/zli  ooUar 

lliameterof  mu//le-oollai  : 

Iiiteii«»r 

K\t«-iior 

riay  between  mu/xle-eoUar  and  neek 

of  tu>»e 

Int  i!si«>n><  in  nntzzle-coUar  : 

l»»l)th 

Width    

Total  biJuth  of  .ja«'kot 


Inches. 
147.66 

140.  41 

7.25 
120. 25 

KO 
71.27 

8.7;» 
36.01 

7.0 
1(5.  r» 

8.0 

9.75 
10.8 
11.  ti 

i;j.« 

14.8 

7.0 

9.76 
11.83 

0.01 


0.875 
2.0 
60.41 


Inchet.      Ineke*.  '   Indkes.  ; 


7.15         t0.05    •     -0.1 


8.0 
9.748 


0.01 


±0.08 
i-0.03 


0 
-0.002 


•I- 


Three  incliMiufl* 
leAat 


Left  for  tkMik 
Kottiflad. 


IUm^ 


J 


9.758  .     dkO.03         -0.002  [ 


lUngk 


.:    i-aoi 
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Htrt  ofintpecticn  of  coiled  wroughUiron  tube  No,  68,  ^c. — Continned. 


it  of  meMnremont. 


Dimensions. 


Variations. 


scribed.  !  ^c*"»l- 


ket  in  rear  of  inner  tube. 

ket  over  inner  tube 

ster  of  Jacket  over  inner 


eter  of  tube  under  Jacket,  j 

Z  shrinkage I 

>f  inner  tube i 

"ve  at  bottom  of  bore  of  : 

TO  at  bottom  of  tube  — , 
wels  (two)  for  secnrlnf;;  ' 

let I 

lowels  for  securing  tube  ; 


irroaght*iron  cup  at  bot- 


)f  cup 

interior  of  cup: 


up  over  threads 

id  on  cup 

of  cast-iron  broech-nluf;. 
^cch-plng  within  Jaclcet. . 

■ead  ou  breech-plng 

ireech-plu;^  over  threads. 

id  on  brct'ch-plne 

honldcr  on  breech  plug . . 
f     dhuulder.    including 

;ion 

lare  at  baAe  of  plug 

>  at  base  of  plug 

uring-pin  through  shoul- 

securing-pin   through 
ping 


Inches. 
17.41 
43.0 

10.5 
10.503 
0.003 
123.0 

1.20 
1.25 

2.0 

0.75 

2.75 
5.5 

7.0 
4.6 
7.8 


Inehet, 
17.51 
42.0 

10.498 

10  501 

0.003 


Allowed. 


Actual. 


Jneh$a, 
±0.05 
±0.05 

I  ±0.01  J 


lis  1^0.01 


2.0 

0.75 

2.75 
5.05 

7.0 
4.6 
7.8 


±0.05 
±0.05 


Jneh€t, 

-fO.1 

-0.1 

-0.002 
-0.002 


3  to  the  inch. 


24.66 

17.41 

16.41 

7.0 

0.25 

9.75 

1.25 

6.0 

5.0 

4.25 

1.0 


24.60 

17.61 

16.51 

7.0 

0.25 

9.75 

1.15 

6.0 

5.0 

4.25 

1.0 


±0.01 
±0.01 
±0.01 

8  to  the  inch. 
-hO.01    • 


±0.05 


±0.01 


+0.1 
+0.1 


!    -0.1 


Remarks. 


The  omiaaions  in 
"Actual  dlmeB* 
aiona  "  ariae  from  the 
fEust  that  tha  tube  was 
flniahed  uid  inaertsd 
in  the  casing  at  tUs 
foundry  (authority, 
Chief  of  Ordnanoe, 
U.  8.  Army,  per  in 
doraement  da^  Aa- 

Saat  0,  1884).  The 
nished  dimenaions 
appear  on  Inapection 
report  of  gnn  So,  68, 
herewith. 


PHYSICAL  PROPEBTIES. 


nens. 


m 
a 

Q 


a 
« 

H 


inch  spoci-   0.  2538  7. 6637  49. 440  ,9. 785 

j 

inch  speci-   0.25.')6    49,500  \ 

inch  speci-   0.2552    '49,000    

n [ 7.2259  '31,057  I 


o 

s 


o 


Hi 

gfeg- 


Remarka. 


A»4 


24,000  I  0.284 
26,000  ;  0.305 
22,000  '    0.297 


PhoBnix  bar-iron,  2^  inches 
square,  for  inner  tutM. 

T7tat«r  "B"  iron,  2^  inches 
square,  for  Jacket. 

Uhiter  "  B  ** '  iron,  4  x^  x  Sf 
inches  for  Jacket. 

Cast-iron  for  breeoh-phig. 


RMABK8. — Hydraulic  test  of  tube :  PresHure  of  120  pounds  applied  to  inner  tube  when 
for  assemblage  with  Jacket.  ThiH  tube  was  made  to  replace  original  tube  No.  68,com* 
',  1884.  Which  failed  uudcr  firing  proof  at  United  States  Proving  Ground,  Sandy  Hook, 
cket  of  the  old  tube,  as  fitted  to  the  gun  casing  at  the  South  Boston  Iron  Works,  was 
nld  tube  without  ii^ury  and  UHed  again  for  this  tube.  The  inner  tube  and  breech-<nip, 
)recch-plug.  and  the  muzzle-collar  are  new.  The  new  inner  tube  was  made  from  PhcBnuc 
physical  qualities  of  thin  iron,  touetherwith  those  of  the  Ulster  bar-iron  naed  in  making 
cket,  are  given  above.  In  Rhrinking  the  jacket  upon  the  tube,  the  latter  waa  not  firmly 
oni — a  space  of  0.1  of  an  inch  being  left  open.  By  authority  of  the  Chief  of  Ordnance, 
latetl  May  27,  1885,  the  contractorB  were  allowed  to  calk  thia  apace  with  neatlv  flttea 
thin  WTought-iron  plate,  the  final  acceptance  of  the  tube  by  the  United  States  In  such 
e  determined  by  the  action  of  the  gun  under  the  firing  proof, 
of  tube:  Finished  and  inserted  in  casing  at  West  Point  Foundry. 

it  the  foregoing  report  is  correct,  and  that  the  8-inch  colled  wrought-iron  tnbe  therein 
>een  accepted  by  nie  as  conforming  to  the  standards  as  to  dimenaiona,  quality  of  mate- 
icter  of  workmanship  preBcribe<l  by  the  Ordnance  Department, 
section,  June  8,  1885. 

R.  BIRNIE,  Jb., 
LietUenarU  of  Ordnancs^  Ingp^tor, 
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Record  of  mfusuremeiitu  with  «iargaugv  and  I'alipern  of  t^inch  mMz:U'loadimg  conrtrft 

ritte  Ao.  <>ri  bretvh  iiitnertion. 


• 

Diainetor  of 

lion* 

• 

X 

• 

Diuiiietor 

of  bore 

*e 

^ 

H 

s 

of  cariiD);. 

k 

IN 

s    ■ 

of  ending. 

p4 

1 

1 ' 

c 
»^ 

"3 

■♦* 
s 

3 
N 

i       ■ 

• 

i 

> 

5  -■ 

O 

Z 

1 

a 

1       ! 

s 

• 

1 

t 

> 

w  Z 

jl 

S 

)Ch. 

hUhet.      Inches,      Inchft. 

JneheA. 

Inch,  : 

Inches. 

Ineke$. 

InchM. 

Inehm. 

1 

9.746 

8.000 

62 

10.500  '■ 

lasoo 

10.487 

8lOO0 

2 

0.746 
9.748 

8.01H) 
8.0005 

63 
64 

10.500  1 
10.499  1 

10.500 

ia5oo 

10.4875 
10.488 

8.  Out 

3 

sm 

4 

9.750 

8.0(H)5 

65 

10.500  t 

10.500 

i    10.488 

8.(W 

5 

9.  752 

8.(H)05 

66 

ia499 

10.500 

10.4865 

fi.OM 

6 

0.4H75 
10.487 

8.0005 
8.0005 

67 
68 

10.499 
10. 499  1 

10.500 
10.500 

10.488 
10.4875 

8.M* 

1 

"io.soi'   "'] 

10.  501 

8.  ON 

8 

10. 501         1 

10. 501       1 

10.4*<7 

a  0005 

69 

11.495  , 

11.4MI 

11.4865 

KOM 

9 

10. 5t»l         1 

10. 501        1 

10. 4885 

8.0(H>5 

70 

11.499 : 

11.408 

11.4865 

e.OM 

10 

10.501   ' 

10. 501        ] 

L0.4885 

8.000 

71 

11.500 

11.408 

11.4875 

8.0M 

^1  ! 

10.501 

10.501  :    1 

10.4-8 

8.000 

72 

11.501 

11.400 

11.487 

«LOI« 

12  ' 

10. 501 

10.501        1 

10.  487 

&000 

73 

11.502 

11.500 

11.4885 

8.  NO 

13 

10. 501         ] 

LO.  501        ] 

10.486 

aooo 

71  : 

11.  502  i 

11.500 

11.4875 

8.0M 

U 

10.  500 

10. 501        ] 

10.  4855 

aooo 

75  1 

11.502 

11.501 

11.4875 

&0M 

lA 

10.501 

10. 501       1 

10.  4855 

8.000 

76 

11.502 

11.501 

11.487 

SLWt 

16 

10. 501 

10. 501        ] 

10.4805 

8.000 

77  ' 

1 

&M 

17 

10.  5«H 
10.  500 
10.  500 
10.500 

10.501        1 
10. 501        1 
1(».  501        ] 
10. 500       ] 

LO.  4865 
[0.4855 
10. 485 
10.486 

8.000 
8.000 
8.000 
8.000 

78  : 

79  1 

80  ' 
81 

0.0N 

18 

8lOM 

19 

'i3.'4805' 
.     18.4005 

1 

&0M 

20 

"ii'sds" 

"ii-wg 

*    CL«6f 

21 

10.  501 

10  500       1 

10.  486 

8.000 

82 

13.508 

13.508 

•     13.5005 

2-J 

10.  500 

10.  .'Mil        ] 

10. 487 

8.(100 

83 

13.508 

13.508 

1     13. 5015 

80» 

23 

10.  5tH> 

10. 500       ] 

10.  487 

8.000 

84 

13.509 

13.508 

13.508 

aM 

24 

10  500 

10. 501        1 

10.4875 

8.000 

85 

13.509 

18.508 

18.504 

&M 

25 

10.  501 

10.501        1 

10.4875  ■ 

8.000 

80 

13.509 

13.508 

13.504 

Km 

26 

10.  501 

10.  .^00       ] 

10.  487 

8.  (MM) 

87  , 

13.509 

13.508 

13L5045 

&«• 

27 

10. 501          ] 

10. 54H>       ] 

0.487 

8.000 

88 

13.509 

1:1.608 

13  SMS 

8.  IN 

28 

10.  500 

10. 500       ] 

10.487 

8.000 

89  , 

13.509 

13.509 

13.5045 

km 

29 

10. 500         ] 

10. 5(H)       ] 

10.4865 

8.(HI0 

90 

13.510 

12.509 

13.5045 

&IN 

30 

10.  5(H) 

10. 5(H)        ] 

10.  4865 

8.000 

91 

13.510 

18L509 

13.5(4 

tm 

31 

10. 5tH)          ] 

10.  .IIH)        ] 

[0.  48(<5 

8.0(H) 

92, 

lA.  510 

13.509 

13.5085 

am 

32 

10.  :>»»o 

10.  ."iOO        1 

0.  4»<rt5 

8.(H)0 

93  ■ 

13.510 

18.500 

18.5035 

K0« 

33 

10. 5(h»         ] 

10. 5im      ] 

10.  4><t55 

8.000 

94 

13. 510 

13.500 

13.5035 

l>.ON 

34 

10.  :mo       ] 

10  5(H)        ] 

10.  486 

8.  (H)0 

95 

13. 510 

13w510 

18.5035 

&NI 

3:> 

10.  r.iH) 

10. 50<l        J 

10  486 

8.(HH) 

96 

13. 51(1 

13.510 

13..'i035 

&Nt 

36 

10.  5<I0 

10.  .'VOO        ] 

10.  486 

8.1HH) 

97 

13.510 

18.510 

13.5035 

IM 

37 

10.  500 

10. 5W»       ] 

10  4865 

8.000 

98 

13.509 

13.500 

13.504 

&M 

M 

10. 5<iO         1 

hi.  500        ] 

10.486 

8.  0»K) 

99 

13.  se9 

13. 510 

13.5045 

SLIN 

:t9 

lu.  50l»          1 

10. 500       ] 

10.  4855 

aiHM) 

100 

13.610 

18. 510 

13.  .W45 

tm 

40 

10.  cm 

I0.5o<i        ] 

10.  4855 

«.(H)0 

lOl 

13. 510 

18.5U0 

18.5055 

tm 

41 

10.  .'X'O          ] 

10. 500       1 

10. 487 

8.  (HN) 

102 

13.510 

13.509 

13.5075 

tm 

42 

10.  5ii(» 

10. 5(K)        ] 

10.  4875 

8.000 

103 

13.512 

13.510 

13.508 

tm 

43 

10. 500         1 

10. 5<H»        ] 

10.4>»65 

8.  0«»0 

104 

13.  512 

13. 510 

13.5085 

&Nf 

44 

10.  5lK) 

10. 5(H)        ] 

10.  4865 

8.000 

105 

13.512 

13.510 

13.5075 

f,m 

45 

10.  .•>«»o        ] 

10. 5(N)        ] 

10.  48i>5 

8.000 

106 

13.  512 

18.509 

13.507 

tm 

46 

10.  500 

10. 5(H)       ] 

10.  48(i5 

8.01H) 

107 

13.518 

13.500 

13.507 

8Nf 

47 

10.  500 

10. 5oo       ] 

111.  4h6 

8  (MiO 

108 

13.513 

13.500 

18.500 

INI 

4H 

10.  500 

10.  .'V(H>       1 

10.  4875 

8.  0(H> 

109 

13.512 

13.500 

13.5055 

aNi 

49 

in.  .-jno         ] 

10. 500       1 

10.  4875 

8.000 

:io 

13.«12 

13  500 

13.506 

aNi 

W 

10.  5<M> 

10. 5U0        1 

U).  487 

8.0<H) 

111 

13. 512 

18.506 

13.505 

am 

51 

10.  :h»o       ] 

10. 5«H»        ] 

lo.4M*i5 

8.0(10 

112 

18.511 

13.508 

18.5055 

aw 

52 

10.5in) 

10. 500        ] 

10.  4865 

8.(HK) 

113 

18.518 

13.518 

18.504 

aw 

53  ■ 

10.  500           1 

10. 5"0        1 

10.  4865 

a  000 

114 

•••«••-       •■     1 

•  •                  ■  ■  •  « 

aWi 

54 
55 
56 

10.  500 
10.  .'H-O 

10.  ."Km 

10.  5- H)        ] 
10.  ."WH)        ] 
10. 500        ] 

10.  486 
10.  4865 
10.  4>65 

8.om) 

8.000 
8.01H) 

115 

110 

!     117 

14.008 
14.098 
14.008 

"ii'flos' 

14.008 
14.008 

icons 

14.0005 
14.006 

^1 

57 

10.5(10 

10. 5<H)        ] 

10.  487 

8.000 

118 

14.008 

14.008 

14.606 

' 

M 

lO.  5«HI 

10.  5«M)        ] 

10.4865 

8.000 

119 

14.008 

14.096 

14.606 

•»•••■' 

59  . 

10.  5<io 

10.  5iH) 

10.  4865 

8  0(K) 

120 

14.098 

14.008 

14.601 

•-• 1 

60 
61 

111.  "«oo 

10.  500          1 

10.500        ] 
10. 5«K)        1 

10.4865 
[0.  4805 

8.000 
8.  (KM) 

121 
122 

14.098 
14.008 

14.008 
14.006 

14.606 

1 

1 

\-s~^ 
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Record  of  meaBuretnentt  with  atargauge  and  oaliper$f  ^o. — Continaed. 


i  i 

*^«J  i 

§1 1 

o  i 
5     > 

§1  ! 

^  9 
O  f 

ma 

«  «  O       1 

11  i 

III 

«   1 

Q           ' 

JneA.! 

Q 

1 
Inch. 

t 

Inehes.   '• 

/neA«ii. 

4 

8.164 

64 

a  168 

14  1 

8.162 

74  ' 

a  150 

!M 

8.161 : 

84 

&140 

84 

8.150  ; 

04 

a  147 

44 

8.158  , 

104 

a  156  i 

54 

1 

&154 

i 

1 

t 

1 

Mn  of  Phcenix  bar  ironf  marked  P  H  \^  taken  with  the  fiber  from  lotof^i-inoh  equaro 
bare,  received  January  6,  1885,  at  Weet  Point  Foundry. 

th  of  •peclroen  between  shnnlderfl:  OriKinal,  3.00  inchefl ;  after  mptnre,  8.811  Inehe*.    Diamotflr 
of  specimen :  Original,  0.568  inch  ;  after  rupture,  0.44)1),  0.445  inch ;  mean,.0.4425  inoh*] 


Mcaaurementa. 


Weight  I  [  ;    Weicht 

'  apphfd.  ;  under   ^''J*®^^*^  I   ftppli©<l- 


Measurements. 


stroMS. 


I 


Pound*. 

253.4 

50a8 

760.2 

1,013.6 

1.267.0 

1,  520. 4 
1, 773.  8 
2, 027.  2  I 

2,  280.  6 
2.534 
2.787. 
3,040 
3,294 

3,  !A7. 6 
3.801.0  I 
4.054.4 

4,  3U7. 8 
4.561.2 
4,  814.  6 
5,068.0 
5.321  4 
5, 574.  8 
5, 82a  2  ! 
6.081.6  i 
6, 335.  0 


fn>m 
stre^ss. 


0 

4 
8 
2 


Inch. 

Inch. 

.2.'>2 

.252 

.252 

.2.52 

.252 

.252 

.252 

.252 

.252 

.252 

.252 

.  252 

.252 

.252 

.252 

.252 

.2,52 

.252 

.252 

.252 

.252 

.252 

.252 

.252 

.2.52 

.252 

.253 

.252 

.253 

.  252 

.2.53 

.  252 

.253 

.  252 

.  253 

.252 

.2.53 

.  252 

.253 

.  252 

.  253 

.  252 

.253 

.  252 

.253 

.252 

.2.54 

.252 

.256 

.254 

Pounds. 
6.  588. 4 
6,841.8 
7. 095. 2 
7, 34a  6 
7,602.0 
7.85&4 

a  loa  8 

8.362.2 

a  615.  6 

a  869.0 

9.122.4 

9. 375. 8 

9,629. 

9.H82 

10,  13a 

10. 3>*9. 

10.  642 

10. 89a  2 

11,140.6 

1 1, 403.  0 

11,656  4 

11.909.8 

12.  163.2 

12.500 


Under 
stress. 


Inch. 
.259 
.265 
.270 


Reliered 

from 

stress. 


2 
6 

0 

4 
8 


Inch. 
.256 
.262 
.287 


♦LOTS 


*  Specimen  broke. 


re  applied  for  test  of  banlness pounds. 

lonoiug  length  of  cut inch. 


10,000 


.708 


iHK.8. — It  was  impo84i1i1e  to  get  half  specimenn  accurately  toeether.  so  an  allowance  was  made 

inch.    Cut  from  tht*  end  of  one  of  (•i*:ht  bHrn  nulimitted  Iry^  i^iilding,  Kemble  Sc  Co.,  and  intended 

fabrication  of  au  inner  tube,  contract  of  Juno  12. 1883,  for  fifty  8-inch  coiled  wrought-iron  tobet, 

ins**rtion. 

Ml  at  United  States  Proving  Ground,  Sandy  Hook,  N.  J.,  Janaary  14, 1885. 

~  WM.  M.  MBDGALFB, 

Lieutenant  tf  Ordninee. 

4625  OED 28 
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Tuhle  of  iU'duvr^  rtttnltti. 


Weight  i)«»r     i?-,«„„:,,„  SuccoMive  p-,«*«.u*i«ii  SuoceMlve  Pemw- 

«,uaivimh     ^iX";  "  exten«i»n  ^^iV^iJeh  i^tormtion  nentset 

of  original      jri^.ViVi.  P»'r  inoh  !***/*"?£       ptr  Inch  p«>r  inch 

area.        !  ^"  ^^^^'K^*"-  ib  h-upth.  *°  ^*^°«*^-  i£len»:th.  iblength. 


SacoeMlre 


Poundt. 

1,000 

«     *     * 

14,000 
15,000 
16,000 
17.000 
18,000 
19.000 
t>0,000 
21,000 
T2,  000 

23.  000 

24,  OiiO 
25,000 
2G.0(K) 
27, IKX) 

28,  l»()0 

*       *      ■ 

49.300 


Dent  Mi 
p«r  iock 
in  lengtk. 


Inch. 


0003, 
0003 
(K)03 
.0003  I 
,0003, 
,  OliU-li 
, 0003i 

ooo:ii 

0003|[ 

,  ooo:t^ 

OlHKiif 

, 001 3 I 

lH)23s 

0043^ 

.00  0 


Inch. 


Inch. 


Inch. 


indk. 


ilMSk. 


273611 


0003i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

uuooi 
uoi 

002 
(i0l6| 

•JG76§ 


.0008J 

!0003J 
.0008] 
.0003] 
.0003] 
.lH)03l 

.ooosi 

.0003$ 

.0003^ 

.00061 

.  0«0«i 

.001 

.001 

.001 


.0003i 

0 

0 

0 

0 

0 

0 

0 

0 

0 
.00031 

0 
.00031 

0 

0 


.00061 

.00061 

.003 

.00161 


Snoctflc  gravity 


gp:neu.\l  summary. 


Elar 


Iianliu'i 


Elastic  limit poundi. 

Exlt'DHion  per  inch  at  «»la«tio  limit    inch.. 

Ultimate  resistance  per  ^qiiuru  inch  of  orij^imil  aioa ponnds. 

Ultimate  extension  per  imh inch. 

Ratio  of  elaHtic  to  nltimate  resistance 

Ori);inal  area  of  croM- sect  ion square  inch., 

Contraction  in  area  at  tracturi' percent. 

Ultimate  resistance  per  square  inch  of  fmctiomil  artsi poonda. 


I.I 
1« 
34,009 

49.331 

i» 

SHI 


S2)€dmen  of  Phirnix  bar  iron,  marked  PH  'J,  laken  tcith  the  fiber  from  lot  of  i^'iiick  j^*. 

bars,  rccvmd  tfanuary  (y,  1::^\  at  West  Point  FouHdr^f, 

[Leniith  of  specimen  between  shoulders :  Original.  3.00  inches :  after  mptnre,  3.8M  Inchea.    Dfwciirf 

of  s]>ecimen  :  Original,  0.500  im-h  ;  after  rupture,  0.440  inch.] 


Measurements. 


Heasnrements. 


Wright 


Weight 


appli.d.    ^•jj^^.j.    Relieved     applied,    xjnder   ^>*«^«* 


Pimndtt. 

2.>4. :! 

5oK.  r» 

702.  9 

1.  017.  2 

1.  271.  5 

1,  525.  8 

1,  7hO.  1 

2.  0:»4. 4 
2.  288. 7 
2,  543. 0 

2.  797. 3 

3,  051. 6 

3,  305. 9 

8, 814.  5 
4,06&8 

4,  323. 1 

4.  577.  4 
4, 831. 7 
5,086.0 
5. 340.  3 

5.  594.  6 
2.84ri.9 

6.  103.  2 

6.  ;j:>7.  5 


Inch. 

.276 

.276 

.  276 

.276 

.276 

.277 

.2n    : 

.277 

.277 

.277    ' 

.2n  . 

.277    I 
.277 
.278    : 
.278    • 
.278 
.278    , 
.278 
.278    ' 
.279    ■ 
.279    , 
.279 
.279 
.2795 
.280 


Inch. 
.276 
.276 
.276 
.276 
.276 
.276  I 
.276 
.276  , 
.276  ' 
.276  ' 
.276 

.276 : 

.276 
.276 
.276  I 
.276 

.276    ; 

.276  ' 
.376 

.276 : 

.276 
.276  ' 
.276 
.276 
.277 


Poundt. 

6,611.8 

6.866.1 

7, 120. 4 

7.374.7 

7.620.0 

7.883.8 

8.137.6 

8,891.0 

8.646.3 

8,000.6 

0.164.8 

0.400.1 

0.668.4 

0.017.7 

10. 172. 0 

10,426.8 

10,680.6 

10.034.0 

11.180.3 

11.448.6 

11.097.8 

11.052.1 

12,206.4 

12, 460. 7 

12,600 


Inch. 

.284 
.280 
.206 


JndL 
.280 
.286 
.201 


•  «•• 


a.  170 


specimen  broke. 
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.  1U.D00 


aforiuiDBl 

pet  IncJi 
to  l.ualh. 

Sln^b. 

Inch. 

PeriBB. 

■SS. 

pcriuoh 
iStaogU.. 

'-•ft. 

Jm*. 

iMk. 

iMk 

x-. 

AA. 

-MOli 

ioOUK 
.MOB 

.oan« 
'.wmt 

'.BOOO 

.mt 

.Ml 

'.m 

.«011f 

.jHKHl 

,«MH 

i 

1         I 

0 
.Host 

-flOtl 

!«oie| 

.ouoa 

.OOM 

.oooo 
.ooot 

2i,«Ki         .oni 

i?:S 

W.6M 

:i 

3 

.IW3 

.ooiH 

.ZS8     <       .aaiBi 

. 
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Appendix  4  3. 


REPORT  OF  THE  ROLLIXG  AXD  DHAinSG  ISTO  WIRE  OF  TWEST7  SE- 
LECTED STEEL  lULLETS  AT  THE  TRESTOS  IRON  WORKS,  TEESTOS, 
N.  J, 

Hy  Lieut.  \Vm.  M.  Mkdcalfk,  Ordnance  Department. 

In  obedieuce  to  inatrnetions  from  the  Chief  of  Onlnance,  the  billets 
of  two  inp:ots,  Nos.  75  and  48,  were  set  aside  to  be  rolled  separately,  in 
order  to  specially  observe  their  mannfacture,  and  ascertaiu,  if  possibto, 
the  cause  of  breaks  occurring  in  the  process  of  drawing,  and  8ach  other 
accurate  infonnation  as  might  prove  valuable  in  future  operations  of 
the  same  nature. 

The  billets  were  of  open-hearth  steel  and  showed  the  following  phys- 
ical jiroperties  when  tested  at  the  Otis  Works,  Cleveland,  Ohio: 


Ci-  s   . 

■     >S  ■=  « 

2  5  rJ: 

B  0  So 

>  C  O 

ISOOT  No.  75.  I 

\Poundii.  Per  et.  '• 

LongUadinal  upecimen j  T.^  3G0  60.41  ! 

Transvertte  sptH'iiueD    '71,830  25.35 

Ihgot  No.  48.  , 

First  tsst.  I 

Longitudinal  Kpeci men j  78.770  4S.72  i 

TransverMV  speiimeu |  74,  860  18. 57  | 

Second  test. 

Longitudinal  8pi>cimen 79, 950  54. 45 

Trans veisc  apeciuien '  76, 430  19. 41 

i 
Third  test. 

Longitudinal  8|>ocinien 77, 400  j    52.04 

Trant)vt'n40  specinien 72, 710  ;    21. 43 


■5  o 
£  A 


Remarks. 


►-1 


Per  et. 


Xi.  7       } 

1&  33    i  Spocinien  tmken  fkvm  bottom  end  of  tt^ 


30.45    )  Specimen  taken  fhm  top  of  _. 
13. 5     5     tbe  top  billet  n^vcted  after  Ui 


30. 05  > )  Additional  teat  made  of  UUet 
19. 63  1 1     dom  from  tboee  of  the  ingoi. 


31.75    ^Additional   teet  made  of  apfinlMM 

bliiS 


12. 67  j  )     from  bottom  end  of  top 


The  eleven  billets  of  ingot  No.  75  were  taken  to  represent  fhe  belt 
steel  fnrnished  nnder  the  contract  with  the  Otis  Iron  and  StedOoa- 
pany,  and  the  nine  billets  of  inji:ot  No.  48  to  represent  the  worsU 

Tlie  conversion  of  these  billets  into  wire  was  begnn  May  23,  andeoB* 
pleted  June  13.  The  process  was  watched  b3'  the  inspector  as  far  aitf 
include  tlie  first  drau^iht,  and  thereafter  by  Mr.  Frank  B.  Davi8|ftM 
whose  notes  this  report  is  largely  compiled. 

Tlie  billets  were  weighed  before  being  placed  in  the  heating 
They  were  withdrawn  when  they  hail  acquired  a  full  yellow  heaiL 
being  nearly  white.    The  time  of  remaining  in  ftiniaoe  yaried 
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twenty-six  to  forty-three  minates,  twenty-8ix  minates  being  required  t» 
^ve  them  a  fall  heat. 

As  they  were  taken  from  the  furnace  they  were  immediately  trans- 
ferred to  the  rolls  and  reduced  to  ^-inch  rods  in  nine  passes.  When  rolled 
tiie  billets  appeared  to  be  uniformly  heated,  and  on  leaving^  the  rolls 
showed,  except  in  the  first  billet  rolled,  when  a  slight  delay  occurred,  m 
>nght  red  color.  The  time  of  passage  through  the  rolls  was  about  ons 
ind  one-fourth  minutes. 

While  still  hot  the  billets  were  tagged  with  numbers  and  weighed. 
To  more  accurately  determine  the  loss  due  to  heating  they  were  again 
ireighed  cold.  The  loss  was  found  to  be  2.47  per  cent.,  which  is  much 
imaller  than  is  usually  expected  by  the  manufacturer.  This  was  prob- 
ibly  due  to  the  fact  that  no  time  was  lost  in  removing  the  billets  from 
:he  furnace  when  they  had  acquired  a  full  heat.* 

The  usual  loss  in  the  case  of  cast-steel  is  4.68  per  cent.,  and  instances 
>n  record  in  the  company's  books  show  a  loss  of  5.9  per  cent. 

The  rods  were  tagged  with  numbers,  the  odd  numbers  from  1  to  17 
uclusive,  being  attache<i  to  those  of  ingot  48,  the  remaining  numbers 
ip  to  20,  to  those  of  ingot  75.  The  tags  were  retained  throughout  bI\ 
;he  operations,  so  that  the  identity  of  each  coil  was  known  with  cer- 
:ainty. 

When  cold  the  rods  were  pointed,  the  ends  being  heated  in  a  black- 
imith's  fire,  and  hammered  down  to  a  tapered  point.  Where  the  end 
xras  defective  a  short  piece  was  cut  off,  which  necessitated  the  coils  be- 
ug  reweighed  after  pointing. 

The  annealing  took  altogether  twenty-nine  hours,  seven  hours  for  the 
-ods  to  acquire  a  full  heat  and  twenty -two  hours  for  cooling.  When 
Dhe  rods  were  taken  out  the  anuealer  was  hot  enough  to  blaze  a  piece 
}f  wood.    Temperature  estimated  at  65(P  P. 

The  temperature  of  annealing  was  determined  by  the  introduction  of 
beat  teats  prepared  by  Dr.  Woodbridge.  They  consisted  of  alloys  of 
x>pper  and  tin,  inclosed  in  short  iron  tubes.  There  were  eight  of  these 
tests  used  ;  Nos.  1  and  5  were  composed  of  1  part  tin,  3  parts  copper ; 
K^os.  2  and  6  of  1  part  tin  and  3^  parts  copper;  Nos.  3  and  7  of  1  put 
in  and  4  part«  copper;  Nos.  4  and  8  of  1  part  tin  and  5  parts  copper; 
ios.  1,  2,  3,  and  4  were  wired  to  the  coil  first  placed  in  the  annealer^ 
iud  Nos.  5,  G,  7,  and  8  to  the  last  or  top  coil. 

After  unnealing  these  test  r  were  found  to  be  as  follows :  Nos.  1  and  2^ 
mattered  ;  No.  3,  slightly  flattened  ;  No.  4,  unaltered ;  Nos.  5  and  6, 
oiisiderably  flattened  ;  No.  7,  melted ;  No.  8,  unaltered. 

These  results  would  show  that  the  hottest  portion  of  the  anuealer  is 
lear  the  top.  Why  the  more  fusible  alloys,  Nos.  1,  2,  5  and  6,  were  the 
east  affected  is  unexplained,  unless  the  tests  were  placed  in  the  wrong 
toxes.  The  temperature  required  to  melt  No.  7,  assuming  that  it  was 
orrectly  placed  in  its  box,  would  be  about  1,80(P  F.,  which  represents 
he  maximum  temperature  attained  in  the  hottest  portion  of  the 
lealer.t 


*  Probably  the  most  important  circumstances  connected  with  the  smaU  loss  of 
rejgbt  in  heating  and  rolling  the  billets  into  wire-rods  are  these  : 

Tne  furnace,  which  has  just  been  in  use  for  heating  iron  billets,  was  at  a  higher 
ie»t  than  was  required  for  steel,  and  therefore  did  not  require  much  additional 
iring.     Fuel  was,  however,  abundantly  supplied,  but  the  blast  was  not  urged. 

These  were  circumstances  very  favorable  to  diminishing  the  oxidizing  tendency  of 
he  furnace  gases.— (W.  C.  Woodbridee). 

t  Subsequent  trial  of  the  order  of  fusibility  of  the  specimens  of  the  alloys  used  ae 
leat  tests  in  the  annealing  showed  that  they  had  been  ¥rrongly  numbered.  Using  the 
lombers applied,  they  fused  in  the  following  order :  No.  3,  No.  2.  No.  1,  No.  4. — (W.  C. 
Woodbridge.) 
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The  pickling  hatli,  newly  prepared  for  these  coils,  contained  MS 
]k>uikIs  of  oil  of  vitriol  niul  3,131  pounds  of  water,  or  the  proportioDot 
1  part  oil  of  vitriol  to  30.09  parts  water.  Its  temperatare  was  estimated 
to  be  about  lOQO  F. 

Wires  ^'os.  1,  2,  3,  4,  5,  6,  8,  9,  11, 12,  15,  16,  17,  19,  and  21),  werei» 
mersed  39  minutes;  7,  10,  13,  14,  and  18,  49.5  minutes.  As  soon  as  R^ 
moveil  from  this  bath  the  rods  were  washed  and  allowed  to  lie  wet  for 
a  sufficient  time,  say  20  minutes,  to  acquire  a  '*  water  coat.'*  They  ww 
then  lime  coated  and  placed  in  the  baking-oven  to  dry. 

The  lime  coating  consisted  of  2  parts  rye  flour  lees  and  1  part  milkaf 
lime.  The  lees  being  prepared  by  stirring  2  or  3  pounds  of  rye  floor  ii 
a  barrel  of  water. 

The  baking  lasted  over  night,  occupying  in  all  al  oat  fifteen  horn 
The  oven  was  not  of  uniform  temperature  throughout.  A  piece  oilfti 
placed  on  one  of  the  coils  partially  melted,  which  shows  the  tempen- 
ture  to  be  in  the  neighborhood  of  &ifP  P. 

The  coils  were  weighed  after  baking  and  the  loss  of  weight  in  the 
pickling  bath  determined.  It  varied  from  0.2  of  a  pound  to  1.1  poondi, 
the  mean  loss  being  0.G3  of  a  pound.  The  rods  were  now  ready  tatiht 
draw-plate.  After  the  second  draught  a  coating  of  copi)er  was  applM 
to  improve  the  smoothness  of  the  surface.  For  this  purpose  they  mn 
immersed  one  by  one  in  a  solution  of  sulphate  of  copper  with  a  smll 
excess  of  sulphuric  acid,  and  lay  in  it  until  a  satisfactory  coating  of 
copper  was  obtaineil.  After  coating  the  coils  were  washed  by  plsyiBf 
on  them  with  a  hose,  then  lime  coated  and  placed  over  the  anneder  to 
dry. 

The  time  of  immersion  of  the  coils  in  the  copper  sulphate  bath  varie» 
with  the  size  of  the  w  ire,  being  over  a  half  an  hour  after  the  second 
draught  and  only  five  or  six  minutes  after  the  ninth  draught. 

Tallow  w^as  used  as  a  lubricant  in  drawing.  The  following  pointt 
were  ci\refully  noted  by  Mr.  Davis  during  the  drawing :  Time,  speed, 
and  angle  of  draught;  diameter  of  coil  freely  expanded  when  takes 
from  drum  ;  dimensions  of  the  wire  after  each  draught;  taper  of  punch; 
observance  of  the  rule  of  reversing  wire  after  each  draught,  and  breaks 
orother  unusual  occurrences.  His  notes  in  full  on  these  points  are  berets 
appended. 

In  adjusting  the  draw-plate  the  workmen  give  the  plate  a  slightcwt 
to  the  rear  to  introduce  a  bend  in  the  wire,  and,  as  they  say,  ^^kflliti' 
or  make  it  lie  flat. 

It  was  claimed  that  without  this  precaution  the  wire  would  becoae 
unmanageable  when  removed  from  the  drum.    At  the  request  of  Dr- 
Woodbridge  two  coils,  Nos.  17  and  IS,  were  drawn  with  the  plate  ver 
tical.    No  such  trouble  as  was  anticipated  resulted,  the  diameter  of  tto 
freely  expanded  <'oils  being  only  slightly  greater  than  in  the  csee  of 
coils  drawn  in  the  usual  way.     If  the  physical  tests  to  be  madeM 
Watcrtown  Ansenal  of  s])ecimens  taken  from  the  different  coils  Aef 
that  the  strength  or  elasticity  of  the  wire  is  at  all  impaired  bythii 
bend,  which,  as  sug'gested  by  Dr.  Woodbridge,  stretches  in  the  dit** 
plate  one  side  more  than  the  other,  I  see  no  good  reason  wh>  a  perM 
l)arallelism  of  the  surface  of  the  plate  with  the  axis  of  the  drum  wV 
not  l)e  insisted  upon  hereafter. 

Mr.  Davis's  record  of  the  breaks  occurring  during  the  drawing  tf* 
appended.  Most  of  them  consisted  merely  in  the  tapered  point  bfeek- 
ing  oft*.  Four,  however,  deserve  attention.  Coil  No.  9  broke  on  *• 
fourth  draught  after  drawing  7  feet.  It  was  cut  off,  as  the  piste  wj 
gouging  it  badly  on  the  under  side.    Coil  No.  II  broke  on  the  1t^ 
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draught,  after  the  first  third  had  been  drawu.  This  also  Mr.  Davis 
considers  was  dae  to  gouging  of  the  draw-plate. 

Coil  No.  15  broke  on  the  eighth  draught  after  drawing  seventeen  coils. 
The  plate  was  found  to  be  gouging  the  under  side  of  the  wire.  Coil  Na 
7  broke  on  the  eighth  draught,  shortly  before  the  completion  of  the 
draught.  The  fracture  was  short  and  diamond  shaped.  The  remark 
that  <^  the  plate  had  been  scraping  one  of  the  sides  at  the  comer  al 
which  the  fracture  started"  is  not  understood,  but  it  seems  to  imply 
that  In  the  opinion  of  Mr.  Davis  this  break^  as  in  the  case  of  the  others^ 
was  due  to  the  imperfections  of  the  plate. 

All  these  breaks  appear,  then,  to  have  been  caused  by  the  draw-plate 
itself.  Undoubtedly  this  explains  the  breaking  of  the  wire  in  many 
instances,  although  the  nature  of  the  lubricant  has  certainly  had  a 
great  deal  to  do  with  it  in  the  past.  During  the  time  that  the  wet 
process  was  used,  and  especially  for  a  short  period  when  glucose  was 
employed,  the  breaks  were,  according  to  the  statement  of  the  workmen^ 
much  more  frequent  than  at  present  with  the  use  of  tallow. 

It  is  also  to  be  remarked  that  all  these  breaks  occurred  in  coils  com- 
ing from  ingot  No.  48,  selected  as  inferior  to  No.  75,  and  possessing 
considerable  less  ductility  than  the  latter. 

It  was  intended  to  preserve  specimens  of  the  broken  wire  and  send 
them  on  for  analysis.  During  my  absence  the  broken  pieces  were, 
however,  allowed  to  be  thrown  in  the  scrap  heap  an0  their  identity  lost. 

A  specimen,  4  feet  in  length,  was  taken  from  each  finished  coil, 
tagged  with  its  proper  number,  and  sent  to  Watertown  Arsenal  for 
physical  test. 

Heating  and  rolling. 


IT*. of;  No. of 
tegoi.  .  bUlet. 


Time  in 
fur- 
nace. 


48 

75 

48 

75 

48 

75 

48 

75  ; 

48! 

75  ■ 

48 

75 

48 

75  . 

48  • 

75; 

48  ' 

75  : 

«: 

75  : 


Heat  to  which 
billet  was  sub- 
jected. 


1  28  i  F^jiU  yellow   ... 

2  30  I  ...<lo 

3  33     ...do 

A  35  do    

5  37  Near  white.   .. 

«  38      ...do 

7  39    do      

8  40     Full  yellow 

0  41  N(>flr  white  .... 

10  43  Fullv»*llow     .. 

11  42    ....do 

12  40    ...do  

13  41  do    

14  42  i  Yellow 

15  42  Full  yellow 

16  ;  40  do 

17  40      . .  do 

18  41     Near  whiU^ 

19  ;  40  Full  yellow      . 

20  I  38  ■ do     .. 


jTime  of  pas 
sage  through 
rolls. 


Tn.  9. 


1  75 

1  30 

1  20 

1  24 

1  15 

I  12 

1  15 

1  10 

1  15 

1  15 

1  13 

1  18 

1  12 

1  10 


1 
1 

I 


18 
10 
10 


1  12 
1  10 
1  13 


Heat  at  which 
rod  left  roll. 

i   ■ 

i  Red  

I  Bright  re<l  . . 

do   

i do 

:  Cherry     

Bright  red  .. 

,       rto 

•  Cherry  . 
-  Briffht  red  . . 
....do 

('berry 

Brieh't  red 

Cherry 

...do 

Bright  red.... 

...do 

..  do 

...do 

...do  ..: 

. .   do    .  — 


Weight 

before 

rolling. 


Pounds. 
80.0 
7&2 
8C.  1 
81.8 
80.7 
82.1 
79.2 
80.0 
80.1 
81.2 
80.0 
81.0 
81.0 
81.8 
79.3 
80.6 
79.5 
81.2 
80.8 
81.5 


Weight 

after 
rolling. 


Losa  of 

weight  in 

heating. 


Poundt. 

Poundi. 

7&0 

2.0^ 

76.4 

L8 

7&0 

2.1 

79.8 

1.5 

7&8 

L9 

80.2 

1.9 

77.16 

2.05 

77.6 

2.4 

77.9 

2.2 

79.05 

2.15 

77.9 

2.1 

79.1 

L» 

7a  9 

2.1 

80.0 

l.S 

77.9 

1.4 

79.0 

1.6 

77.2 

2.8 

79.1 

2.1 

7&5 

2.8 

79.8 

2.2 

Time  occnpied  in  acquiring  full  heat,  twenty-six  minntes.  Billet,  when  rolled,  of  uniform  heat. 
Xlaat  on  most  of  time  for  thirteen  uiiautes.  First  billot  white  on  side  nearest  the  flre ;  end  generally 
white ;  black  in  places  between  billetH,  where  they  lie  close  together. 
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Lasi  of  iceight  due  to  pickUng, 


o 

9 


e 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


9 

^     • 

*B 

Poumit. 
77.9  i 
7&1  i 
77.6  ! 
79.5 
7a  4 
80.0 
76.8 
7a  0 
77.7 
7a  9  . 


Pound*. 
77.6 
75.5 
7a  5 
7a  5 
77.9 
79.8 
7a  0 
77.4 
77.0 
77.9 


%H 

«i 

fbiUe 

H 

d 

^ 

^ 

Poiiiul*. 
0.3 

a6 
1.1 

1.0 
0.5 
0.2 
0.8 
0.6 
0.7 
1.0 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


.a  a 


:5 

1-1 


Poufid*.    Poundt.  '  PimiMlt. 


77.4 
7a  8 

7a2 
7a  0 

77.3 

7a  9 

77.1 
79.0 
7a  2 

7a  9 


7a  8 
7a  0 
7a  2 
7a  0 

77.0 

7a  • 
7a  4 
7a  2 
7ao 
7a  3 


at 

0.8 
0.0 
LO 
0.1 
0.0 
0.7 
0.8 
0.S 
0.6 


Time,  and  speed  of  draught. 


I 

First  draught. 

St'oond  draught. 

Third  draught. 

Foartb  draaght. 

1 
Fifth  draught 

ber. 

Specil 

Speed 

(  Speed 

Speed 

Speed 

-  S 

Time. 

per 

Timr. 

P4'r 

Time. 

1      per 

Time. 

;     per 

Time. 

p>f  ^ ; 

■    9 

:  ^ 

Hvcontl. 

second. 

second. 

1 

.  second. 

I 

m. 

«. 

Feet. 

m. 

s. 

Feet. 

m. 

9. 

Feet. 

m. 

«. 

Feet. 

m. 

». 

FmL 

1 

. 



9 

30 

0.  251 

9 

3 

0. 259 

15 

21 

0.284 

17 

37 

a2n 

2 

11 

0 

0.3W 

10 

25 

0.  245 

11 

32 

1).  274 

13 

51 

.    0.283 

17 

81 

a  274 

3 

6 

0 

0.  3.'3 

12 

0 

0.  226 

13 

4 

0.251 

j^ 

34 

0.  3i»2 

17 

27 

Q,tn 

4 

7 

0 

0.  362 

11 

45 

0.238 

11 

53 

0.283 

50 

0.2.V) 

20 

4U 

a2n: 

5 

8 

30 

0.  i.w 

11 

5 

0. 259 

11 

3 

0. 274 

20 

0.302 

18 

28 

aS74, 

0 

•• 

1 

45 

0.  274 

12 

15 

0.  251 

13 

26 

0.264 

10 

0.292 

21 

35 

asosi 

7 

7 

0 

0  292 

9 

45 

0.220 

12 

9 

0.244 

51 

0.312 

17 

57 

a274! 

8 

9 

0 

0.224 

12 

30  1 

0.  226 

12 

53 

0.259 

1  9« 

13 

0.812 

10 

81 

aa«! 

9 

ri 

0 

0.  2<M 

10 

47 

0.  251 

13 

11 

i    0  248 

13 

'    0.323 

18 

47 

asni 

10 

8 

0 

U.2-'>1 

12 

30 

0.  215 

11 

45 

'    o.:»23 

9m 
1 

0.271 

20 

12 

a2n! 

11 

7 

30 

0.  283 

10 

10 

0.  2;w 

13 

48 

■     0.232 

11 

39 

a  302 

14 

48 

asos 

12 

8 

0 

0.200 

12 

3 

0.  2:i2 

12 

15 

0.226 

1 

0.274 

21 

40 

aa«- 

13 

H 

45 

0.  2:h 

10 

20 

0.  238 

12 

2 

0.36H 

16* 

21 

0.274 

18 

35 

a28S| 

14 

9 

30 

0  24r» 

H) 

'20 

0.274 

14 

9 

0.  259 

10 

0.1W2 

18 

87 

a282 

15 

10 

0 

0.  245 

10 

31 

0.  210 

13* 

15 

0.2«6 

44 

0  312 

18 

46 

a28S: 

IH 

8 

45 

0.  2:i2 

12 

26 

0  219 

13 

35 

0. 235 

46 

0.  312 

16 

50 

aS28 

17 

7 

45 

0. 2w; 

10 

25 

0.  245 

13 

12 

0.  259 

29 

0.302 

20 

24 

aa«. 

.  18 

8 

3<) 

10 

0 

0.  25I» 

13 

.36 

0.248 

5« 

0. 292 

20 

27 

a28i 

19 

1 

30 

0.238 

8 

50 

0.  2:J8 

12 

12 

0. 2.59 

.  #> 

26 

0.302 

15 

41 

asfls 

i  20 

8 

0 

0.  220 

10 

42 

0.  2.50 

12 

59 

0. 259 

1 

a  312 

20 

47 

asw 

The  times  of  di  aught  for  t  lie  fli  nt  hole  are  uncorrected  for  stoppage,  which  amoiints  tooBebllfti 
minute. 

The  Hpeed  of  draught  was  not  always  uniform  thronghont  the  draaght  of  a  single  wire. 
given  was  taken  after  a  few  coils  were  on  the  drum,  b>  noting  the  time  of  a  ahif^e  reTolatk^ 
eter  of  drum,  34 j  inches. 
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TifM  and  Mpeed  of  draught — Continued. 


I 


I  ^ 


1 
2 
8 
,     4 

'  7 
I  8 
i  9 
I  10 

;  11 
12 

I  18 
14 
15 

:  16 

I  17 
18 

!  20 

I 


Sixth  dnuight.  Seventh  draaght.' Eighth  draught. 


Time. 


25  18 

25  0 
24  17 
24  48 

22  49 
21  51 

27  15 

19  28 
24  49 

28  51 

20  1 

29  55 
24  45 
24  17 
24  7 

23  38 

26  2 


Speed  ; 

per    '  Time. 
aecond. 


0.802 
0.274 


,  29    27 
>  22    15 


Speed 

per 

second. 


Time. 


Speed 

pt»r 

seoond. 


0. 802  1  16 

55 

0.266 

20 

38 

0.292 

29 

15  , 

20 

40 

0.283 

23 

12 

0.292 

24 

16 

0.292 

32 

0 

0.266 

26 

21 

0.283 

22 

1 

0.2A3 

80 

1 

0.292 

30 

30 

0.292 

21 

46 

0.302 

21 

58 

0.302 

30 

24 

Feet, 

m.  «. 

F^et. 

a  431 

31   4 

0.412 

0.453 

a  431 

0.250 

28  24 

0.412 

0.802 

30  11 

0.431 

0.431 

27  85 

0.431 

0.431 

30  16 

0.453 

0.453 

0.412 

0.292 

29  16 

0.458 

0.431 

29   5 

0.431 

0.302 

31  53 

0.394 

0.302 

20  55 

0.394 

0.266 

30  51 

0.894 

0.312 

28  30 

0.412 

0.431 

28  41 

0.394 

0.302 

22  40 

0. 412 

0.292 

23   4 

0.453 

0.431 

27  55 

0.412 

0.431 

24  52 

0.412 

0.412 

28   7 

0.412 

0.312 

38  20 

0.431 

Circnmference  of  drum,  9  065  feet. 


Ninth  draaght. 


Time. 


«. 


80  13 

35  40 

86  46 

85  18 
35  39 
28  57 

35  25 

36  17 
88  52 
27  42 
88  12 

86  56 
35  46 


35    28 
87*82' 


Speed 

per 

second. 


Fe€L 

0.412 

0.437 

0.458 

a  431 

0.431 

0.431 

0.431 

0.431 

0.394 

a.  481 

Ol431 

0.431 

0.412 

0.453 

«     •     V     4 

0.453 


0.412 


Tenth  draught. 


Time. 


«. 

12 
14 
42 
80 
6 
29 
49 
26 
66 
12 
67 
80 
26 


39 
89 
40 
40 
89 
41 
87 
39 
48 
45 
80 
86 
41 


51    21       0.894 


81 
41 
47 
45 
43 
40 


0 
48 
15 
44 

4 
8 


Speed 

per 

second. 


F0§L 

a453 

a463 

0.431 

0.481 

0.412 

0.431 

0.394 

0.458 

0.877 


Table  showing  dimenitions  of  each  wire  after  ike  different  draughts. 


FIRST  DRAUGHT. 


[Assigned  standard,  0.445  inch.] 


0.481 
0.894 
0.453 
0.481 
0.412 
0.431 
0.877 
0.894 
f.412 
0.431 


1 

e 
u 

a 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


I 


Front  end. 


Dimensions. 


Last  end.         Difference  b«. 
^^  tween  ends. 


Rad.   Lat.  !  Rad.  '  Lat    Rad. 


19  I !  .4400 


Inch. 
.4395 
.4400 
.4400 
.4407 
.4405 
.4405 
.4420 
.4410 
.4410 
.4408 
.4410 
.4415 
.4415 
.4420 
.4400 
.4406 
.4410 
.4415 


20 


4410 


Inch. 
.4415 
.4423 
.4425 
.4425 
.4425 
.4480 
.4440 
.4430 
.4482 
.4485 
.4435 
.4435 
.4438 
.4445 
.4408 
.4410 
.4420 
.4420 
.4405 
.4410 


Inch. 
.4405 
.4407 
.4407 
.4415 
.4415 
.4415 
.4410 
.4415 
.4415 
.4420 
.4425 
.4425 
.4427 
.4420 
.4410 
.4410 
.4420 
.4420 
-.4410 
.4415 


Inch. 
.4425 
.442.1 
.4430 
.4433 
.4435 
.4435 
.4430 
.4435 
.4440 
.4440 
.4445 
.4440 
.4445 
.4440 
.4418 
.4415 
.4480 
.4425 
.4415 
.4420 


Inch, 
.0010 
.0007 
.0007 
.0008 
.0010 
.0010 
.0010 
.0005 
.0005 
.0012 
.0016 
.0010 
.0012 
.0000 
.0010 
.0004 
.0010 
.0005 
lOOIO 
.0005 


Lat 


IndL 
.0010 
.0008 
.0006 
.OOOt 
.0019 
.0001 
.0010 
.0008 
.0008 
.0008 
.0010 
.0008 
.0010 
.0008 
.0010 
.0008 
.0018 
.OOOf 
.0010 
.0018 
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Table  showing  dimensions  of  each  wire  after  the  difftrent  draughts — Continned. 

SECOND  DRAUGHT. 
[Assigned  standard,  0.3943  inoh.] 

Dimensions. 


o 


Front  end. 


L"*"*-    "S^^s-lr 


Rad.        Lat        Rad.        Lat.        Bad.       lA 


Inch.      It%ch.      Inch.      Inch.      ImelL  ■  Imk. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 
17 
18 
19 
20 


I 


Reversed 3910  .3905  .3916 

do 3885  .3887  .3805 

do 3838  .3835  .38U5 

do. .3883  .3913  .3885 

....  do 38:i2  .3870  .3800 

do 38J8  .3835  .3820 

3863  .38ri0  .3870 

.3«i0  .3860  .3843 

:i843  .  .3843  .38."i0 

3H70  .:i^70  .3873 

3854  .3«55  .3865 

387U  ,3848  .3880 

388.-.  .3K7:)  .3895 

3S43  .  3826  .  3855 

:ih70  .38.V2  .3875 

3M8r>  .3X45'  .3890 

do 38:1,-.  .3800  1  .3850 

do :«r»  *    .3870  .3865 

do .-{874  .8873'  .3875 

do 3885  .3880'  .3890 


do. 

do. 

do 

do 

d«. 

do 

do 

do. 

do. 

do 


I 


.3910 
.3880 
.3797 
.3925 
.3886 
.3895 
.3810 
.3865 
.3aM) 
.3880 
.3880 
.3860 
.3885 
.3840 
.38.^5 
.3870 
.3870 
.3883 
.3880 
.S8M 


0005 

OOlf 


t 


,0006 
0008 

.0007  ' 
.0007 
0007 
0009 
0011  ' 
0010 
.0010 
0012 
,0005 
,0005  , 
0015  ' 
.0030  ' 
,0001  I 

ooosi 


WIT 

wir 
wu 


MM 
091S 

•iM 


THIRD  DRAUGHT. 


[Assigned  standard,  0.3494  inch.] 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Reversed 3425  .3430 

do 3422  ,3420 

do 3405  .3420 

do *  .8410  .8415 

do :  .3420  .8405 

do 3425  .3407 

An  litA   '    HAXt 

do 3425  .3405 

do '  .3395  .8380 

do '  .3418  .8423 

do 3420  .8422 

Not  rt'versed 8420  .3428 

RevenkMl 3430  .8428 

do 3418  .  .3410 

do 3410  .3412 

do 34t)5  .3415 

do 3390  .3388 

do 3300  .3386 

do 3425  .3425 


.8442 
.3427 
.3435 
.8428 
.8480 
.8485 
.3440 
.3440 
.8410 
.8490 
.3435 
.8430 
.8435 
.8420 
.8425 
.8424 
.8406 
.3407 
.3445 
.8495 


.3483 
.8427 
.8432 
.8425 
.8415 
.8415 
.8419 
.8490 


.9495 
.8492 
.8438 
.9448 
.8418 
.8425 
.9418 
.9400 


.9497 
.9492 
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Table  fhowiiig  dimensions  of  each  wire  after  the  different  draughts — Continaed. 

FOURTH  DRAUGHT. 
[Assigned  standard,  0.309  7  inch.] 


Dimensions. 


s 


Front  end. 


Last  end. 


1 

3 

3 

4 

5 

• 

7 

8 

• 

10 

11 

12 

13 

14 

16 

le 

17 
18 
10 
20 


Bad. 


Inch. 


Reversed ,    .2900 

do -    .2975 

do .3024 


do 8005 

do .3296 

do 3004 

do 3035 

do 3000 

Not  reversed 2908 

Revene<l 2980 

do !    .3005 

do 3030 

do 3039 

Not  reversed i    .  3030 

do j    .3000 


Reversed. 

do 

do 

do 

do. 


.3005 
.3010 
.3010 
.3026 
.3035 


Lat.  !  Bad.   La  . 


Jfidk.  !  Inch      Inch, 


.8000 
.2980 
.3034 
.3018 
.8006 
.3014 
.3060 
.3018 
.3010 
.2988 
.8006 
.8034 
.3040 
.8050 
.8004 
.8003 
.3007 
.8018 
.3035 
.8043 


.3018 
.2985 
.8038 
.3026 
.8024 
.8020 
.3040 
.8020 
.8015 
.2978 
.80(15 
.3043 
.3045 
.3042 
.8010 
.8012 
.8025 
.3020 
.8040 
.3040 


.3014 
.2985 
.8086 
.8026 
.8021 
.3022 
.8002 
.8020 
.3020 
.2092 
.8016 
.,8045 
.8045 
.8054 
.8018 
.8010 
.8025 
.8025 
.8040 
.8048 


Difference  be- 
tween enda. 


.0028 
.0010 
.0014 
.0021 

■••■••• 

.0016 
.0006 
.0020 
.0017 
.0002 
.0000 
.0013 
.0006 
.0012 
.0010 
.0007 
.0015 
.0010 
.0014 
.0005 


Ineh,     Jneh, 


.0014 
.0005 

.0002 
.0008 

.0015 
.0008 

.0002 

.0007 

.0010* 

.0004 

.0010 

.0011 

.0005 

.0004 

.0009 

.0007 

.0018 

.0007 

.0006 

.0008 


FIFTH  DRAUGHT. 


[ Assigned  standard,  inches  0.2744.1 


1 

2 

8 

4 

5 

8 

7 

8 

9 

10 

11 

12 

13 

14 

18 

16 

17 

18 

19 

20 


Reversed 
do... 


•  ■_• 


do 

do 

do 

do 

do 

Kot  reversed . 

.do 

Reversed 

Not  reversed. 

Reversed 

do 

Kot  reversed. 

do    

Reversed 

....  do        

Not  reversed . 
Reversed . . . . . 
do 


.2878 
.2635 
.2670 
.2622 
.2640 
.2640 
.2686 
.2626 
.2485 
.2640 
.2640 
.2642 
.2645 
.2650 
.2670 
.2678 
.2620 
.2640 
.2632 
.2634 


.2675 

.2680 

.2684 

.0007 

.2635 

.2640 

.2645 

.0006 

.2660 

.2680 

.2668 

.0010 

.2680 

.2680 

2686 

.0008 

.2680 

.2855 

.2642 

.0015 

.2688 

.3650 

.3640 

.0010 

.2632 

.2656 

.2845 

.0019 

.2684 

.2686 

.2889 

.0010 

.2490 

.2500 

.2500 

.0018 

.2645 

.2660 

.2861 

.0030 

.2641 

.2652 

.2645 

.0012 

.2640 

.2657 

.2648 

.0015 

.2640 

.2650 

.26U 

.0006 

.2688 

.2658 

.2648 

.0008 

.2665 

.2685 

.2875 

.0015 

.2668 

.2683 

.2670 

.0006 

.2625 

.2663 

.2686 

.0088 

.2635 

.2650 

.2640 

.0010 

.2625 

.2640 

.2680 

.0008 

.2638 

.2645 

.2644 

.OOU 

.0009 
.0010 
.0009 


.0013 
.0007 
.0018 


.0019* 

.0018 

.0004 


.0004 

.0010 
.0010 
.0003 

.OOU 

.o8o6 

.0008 

.0008 
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Table  showing  the  dimensiatie  of  each  irtre  qfter  the  diferemt  lirmi^to^ContiniMl 

SIXTH  DBAUGHT. 
[Assigned  sUndard,  inches  0.2482.] 


Dimensions. 


I 


0 


1 

2 
3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Front  end. 


Lsstsnd. 


Ssd. 


:  Inch, 

Beversed 2350 

.2350 

KoTeraed .2350 

do ■    .2335 

do 2335 

do .2345 

do .2347 

do 2344 

do 2368 

Not  ivvereed 2340 

Reversed 2345 

do 2348 

do .2344 

do 2304 

do .2350 

do '    .2347 

do 2385 

Not  reversed .2840 

Beversed 2348 

do .2345 


Lst. 

Bsd. 

Lat. 

InA,   j 

Inch, 

Inek. 

.2345  : 

.2385 

.2354 

.2353  1 

.2300 

.2363 

.2340  1 

.2365 

.2850 

.2840 

.2352 

.2352 

.2355 

.2365 

.2865 

.2343 

.2350 

.2350 

.2346  • 

.2360 

.2856 

.2352 

.2350 

.2860 

.2366 

.2375 

.2875 

.2340 

.2350 

.2848 

.2350 

.2358 

.2358 

.2363 

.2365 

.2868 

.2350 

.2354 

.2357 

.2350  ; 

.2375 

.2800 

.2362  ; 

.2864 

.2867 

.2346  : 

.2356 

.2856 

.2352  ! 

.2870 

.2860 

.2340  ; 

.2355 

.2850 

.2342  ; 

.2300 

.2850 

.2350  ■ 

i 

.2854 

.2858 

0015 
0010 
0015 
0017 


0018 


00071 
6016  I 
0018 
0017 
0016  ! 
0011  ' 
0014 


0005 

6015 
0018 


I 


SEVENTH  DRAUGHT. 


I  Assigned  standard,  0.2155  inches.] 


1  '  Beversed 2075 

2' do 2085 

3    do     20.57 

4    do 2060 

5  '  do 2075 

6    do 2070 

7    do 2005 

8    do 2074 

9    do 2083 

10    do .2095 

11  ....  do 2070 

12    do 2060 

13    do  .2060 

14 do 2084 

15    do 2065 

16    «lo 2087 

17    do 2080 

18    do .2075 

•9    do 2U60 

20    do 2055 


.2084 

.2090 

2095 

.0015   . 

.2003 

.2090 

2100 

.0005  '  . 

.2060 

.2070 

2070 

.  0818   . 

.2062  ■ 

.2if7S 

2078 

.6018;  . 

.2065  ' 

.2084 

2080 

.0808:  . 

.2066 

.2075 

2076 

.8086  i  . 

.2095  : 

.21flO 

2100 

.806si  . 

.2080 

.2077 

2086  ■ 

.0808:  . 

.2078 

.2090 

2085 

.8087   . 

.2088  > 

.2085 

2087  - 

.0818   . 

.2080  ■ 

.2064 

2075  ; 

.8808.  . 

.2065 

.2065  . 

9078 

.8685.  . 

.2072 

.2075 

.2080 

.8818   . 

.2080 

.2085  > 

.2000 

.8881   . 

.9084 

.2076 

.2068 

.8818  1  . 

.2080  , 

.2006  ;  . 

.2080 

.8888  ' 

.aom ' 

.2100 

.9008  • 

.2071  > 

.2088 

.9008  1 

.88871  , 

.2064  1 

.9076 

.9078  > 

.8818  . 

.2064  1 

.9065 

.9078  1 

.8818< 

1 

1 
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iKoieing  tke  dimeimioiu  of  each  wire  after  the  diffsrent  draughts — Coiitiuued. 
EIGHTH  DBAOGHT. 
[Autgned  aUndord.  0.1910  inchea.l 


imiTH  SBAUeBT. 
[AulRBsd  (Undanl,  0.1  BM  Inal 


.lODO 

.IMB 

'.lain 
'.im 

ilMB 

:iSB! 
.im; 

:is7i 

'.I'M 
!l583 

'.ItM 
ASH 

.ISU 

.l»n« 

.IfiW 

:i6w 

!lBM 

iisga 
.WW 

iliSBO 

liaoa 

.1«M 
-ISM 

.ooos 
.mi 

.MM 
'.  OIILT 

1: 

!0OU7 
.IKiOl 

51 

•  WW 

"I" 

.Oirtl 

.ovoa 

.do 

.vta 

dn 

.do 

.IKIU9 

.OHIO 

J 
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Table  ahomng  dimensiona  of  each  wire  after  ike  d^ffremt  draugkU — Continiied. 

TENTH  DRAUGHT. 
[Reqalred  size,  0.15  inches.  1 


Dimensloiift. 


o  Front  end.            Lest  end.         ™'^^— ?> 

J  .  ...     .    _. 

a 

g  '                                                                         I   Rad.       Let.       Red.       Let.       Red.       Ul 


1  j  Reversed 

2  Xot  reversed 


Inch.  Inek.   ■  JnA.  /imA.   /imsAl   JmL 

.1400  .1494  j  .1496  .1496   .0006 

.14«8   .1400  1  .1495  .1496   .0007 

. 1490   . 1490  . 1495  . 1495 

.1493   .1490  :  .1498  .1492 


3  do 

4  Reversed  

6  do 1498"  .1492  .1505  .1500       .0007       .M 

6  do 1495  .1489  .1500  .1490       .0005       .Ml 

7 .1485  .1478  .1495  .14€0       .0009       .m$S 

8  Roverned 1485  .1488  .1491  .1496 

9  : do .1490  .1487'  .1494  .1494 

10  do  ,    .1491  .1494  .1493  .1496       .OOOt 

11  Notn»verse4l •    .1490  .1495  .1496  .1502       .0006 

12  Reversed 1500  .1495.  .1501  .1502       .0001 

13  do I    .1493  .1494  .1500  .1500       .0007 

14  do i    .1500  .1495  .1501  .1502'    .0091' 

15  do !    .1490  .1496  .1494  .1502 

16  do !    .1490  .1492  .1496  .1501 

17  do I    .1490  .1485  .1497  .  14«8 

18  do .1497  .1487  .1500  .1491 

19  do 1400  .1483  .1496  .1489 

20" do .1493  .1493  .1500  .1600       .0007 


The  ireanurements  in  the  foregoinK  table  were  made  with  microaeter  ealfpers.  When  a  wirsvii 
drawn  withoat  beins  reversed,  it  was  generally  because  there  was  no  point  at  the  aid  to  be  diwra 
first  or  Tt'veiaing.  Tlierc  was  bat  one  plate  for  each  else  of  wire.  contidnuijKfhnn  three  to  eifht  htlM. 
aiHMudin;;  to  the  size  of  the  wire.  The  ssiuc  bole  was  not  generally  used  twice  in  anrrraatiwu  tat  lbs 
plate  wn8  Hhiftod.  O'oafliouAlly  it  was  npcessar}*  to  stop  to  luimmer  up  the  hc4ra.  The  atan  stthi 
ri«;ht  indicate  when  the  plate  was  haniniered  np.  When  hammering  waa  not  sufllclent  to  owiict  tkt 
sizi'  of  hole  it  was  necessary  to  heat  the  plate  to  a  red  heat  and  hammer  it  or  batter  the  plala.  Tto 
diir.enflionit  recorded  are  an  average  of  three  measarementa,  taken  at  point  2  or  8  foot  tKvm.  «Mk  «l 
of  the  wire. 


BEPOBT   OF   THE    CHIEF   OF    OBDNAHCE. 
Angle  of  iraugkl  and  diaineltr  of  ooU. 

wni).'     Slxtta.*      Fonrth.      Fifth. 


t 

"  j 

In. 
1 

s-e-Mi  |s,' 
1. 1441  <  0. : 

&144t      S.I 

ztta     6.; 
2.e*H    «.; 

i8«     a.: 


/«,  I  = 

IS  !' - 


Third. 

ill 


t.4U]     S.B  IT.t     «l.l45t 
....|4S|  .3.0  41. B     8.  l'4£l 

0,1144}    s.*; |....'te 

s  BJta^ ,  s-  b|  u    I  B.  1  t5t  I  H.  i'b8.  &'s.  1  '41 
4.i;«     8.1  48.B  :  4.a44   I  ].4  4a    3.S  4a 

i.ll\^^     3.e  M.B  I  T.llS^S'   1.2'*t.i\  .B   49 


M.S.. 


*  I '  S.  1 421 


'.  3.143.S   2.1,  4B.& 


3!'-- 


4.B«I1 

fl,B4B 

!!.&13.Bi,] 

li.Hbi 

4    |43.5,.. 

7.140 

4.1I11  'b.1 

3,144t 

4.140    .S,5 

t,B4S 
B,14S 

3.a4o    S.1 

....4. 

B-14Si 

5.145 

..,'., !.. 

7.144.6 

4.14S     3.B 

0     48 

•  ,"  ['• 

U     48 

....,».. 

7.7  45 

1.643    |l.S 

7.14g 

UlMilg.* 

9.J34t 
2.S34 


6    At 


'  Sixth  and  third  doIdoiiis  inaurCc 
7iin«  0/  JHRitTaioH  o/rodi  ii 


In  reTBTtod  order. 
oopper  MAfiNy. 


coMIug. 

1 

i 

B3 

Sfl 

40 
42 

8S 

1 
» 

ii 

18 

IS 

IB 

18 
40 

1 

i 

£ 

1 

1 

i 

t 

13 

16 

1» 
10 

B 

-Ii- 

t 

< 
a 

It 

i 

1 

10 

'1 

12 

ii 

if 

t  ""Y 
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Special  notes. 
Breaks  ocourring  during  drawing. 

No.  11.  Point  broke  in  clamp  on  starting ;  second  draught. 

No.  14.  Point  broke  in  starting;  second  draught. 

No.  15.  Point  broke  in  starting ;  second  draught. 

No.  11.  Point  broke  in  starting ;  third  draught. 

No  8.  Point  broke  after  drawing  2  feet ;  third  draught. 

No.  9.  Point  broke  in  starting;  fourth  draught. 

No.  9.  Point  broke  after  drawing  7  feet :  fourth  draught.  (Cat  oiF,  aa  plate  wai 
gouging  badly  on  the  under  side.) 

No.  10.  Point  broke  in  starting ;  fourth  draught. 

No.  11.  Broke  after  first  third  had  been  drawn,  due  to  gouging  of  the  dmw-plite; 
fourth  draught. 

No.  4.  Point  broke  in  starting ;  fourth  draught. 

No.  7.  Point  broke  in  starting;  fourth  draught. 

No.  17.  Point  broke  in  startinti: ;  fourth  draught. 

No.  16.  Broke  after  two  U^t  had  be«m  drawn,  fifth  draught. 

No.  8.  Point  broke  in  starting;  seventh  dran(;ht>. 

No.  11.  Point  broke  in  starting;  eighth  draught. 

No.  13.  Point  broke  in  starting  ;  eighth  draught. 

No.  15.  After  drawing  17  coils,  plate  was  found  to  be  gouging  under  aide  of  win 
and  they  were  cut  olf ;  eighth  <lranght. 

No.  7.'The  wire  broke  before  completing  the  draught,  seven  of  the  original  coils  bfiof 
left.  The  fracture  was  short  and  of  diamond  shape.  The  plate  had  been  acrapinf 
one  of  the  sides  at  the  corner  at  which  the  fracture  started.     Eighth  draught. 

No.  9.  Fur  the  iirst  half  of  the  draught  a  fine,  curling  threafl  came  from  one  contf 
of  the  wire.  When  it  ceased  coming  a  sharp  corner  was  found  oo  the  wire.  Hi 
shaving  was  due  to  a  crack  in  the  plate.  In  all  the  draughts  there  were  »  ftw  akaf- 
ings  produceil  by  this  same  cause. 

There  was  considerable  vibration  in  the  drum  of  the  drawing  machine.  The  a* 
gine  ran  at  a  speed  of  two  hnndre<l  and  sixty  revolutions  per  mmute  to  pradaeewi 
revolution  of  the  drum  in  twenty-two  seconds. 

Near  the  close  of  the  test  it  was  discovered  that  the  axiaof  the  drum  waanoApanlU 
with  the  plane  of  the  slide-rest  carrying  the  draw-plate.  There  la  »  diffonnoeif  F 
between  the  two  ends,  the  one  end  being  lower  than  the  other.  A  noticeable  eaatm 
proiluced  in  some  of  the  wire,  bi^fore  and  after  finishing,  by  lack  of  panllelink^ 
tween  the  sides  of  the  hole  in  the  draw-plate  and  the  plane  of  the  altde-Teat.  TWi 
was  corrected  as  much  as  possible  in  the  finishing  draught  by  driving  wedgea  niv 
one  or  the  other  side  of  the  plate  until  it  was  Judged  that  the  wire  lay  ilnigM^ 
the  drum. 

The  punches  used  by  the  workmen  were  their  private  property,  and  not  groni  ^ 
anv  standard  of  taper. 

I'hree  punches  examined ;  assigned  value  of  taper,  0.2,  or  1  in  5;  TaloMiftlni 
punches  examined,  O.VJM'u  —  0.14lS^  —0.1420;  <-U.14>^  ixom  pnnch  need  te  iWk 
draught ;  the  others  from  punches  used  in  fifth  draught. 


Appendix  44. 


OBT  SHOWING  THE  NATURE  AND  PROGRESS  OF  THE  WORK  DONE 
^R  THE  ORDNANCE  DEPARTMENT  U.  S.  ARMY,  BY  THE  MIDVALB 
EEL  COMPANY  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30, 1886. 

*     By  Lisut.  F.  £.  Hobbs,  Ordnance  Department. 

MiDYALE  Steel  Works, 
Philadelphiaj  Pa.j  August  15, 1886. 

Chief  of  Obdnanoe,  U.  S.  Abmt, 

Washington^  D.  0.  : 

[B :  Complying  with  your  instmctions,  I  have  the  honor  to  submit 
following  report,  showing  the  nature  and  progress  of  the  work  done 
the  Ordnance  Department  by  the  Midvale  Steel  Company  daring 
fiscal  year  ending  June  30, 1885.* 

nring  the  time  specified  the  Midvale  Steel  Company  continued  work 
er  the  following  contracts  with  the  Department,  viz: 
)  Boiled  and  hammered  hoops  for  an  8-inch  steel  breech-loading 
• 

I  Forgings  for  the  breech  mechanism  of  12inch,  10-inch,  and  8-inch 
<^h-lo(]^ing  rifles,  and  casting  for  10-inch  rifle. 
)  KoUed  hoops  for  a  12-inch  breech-loading  rifle. 
)  Biiigs,  forgings,  and  castings  for  a  10-inch  steel  wire-wound 
)ch-loadiDg  rifle. 

nd  also  undertook  to  execute  the  following  contracts  or  orders  for 
1  for  gun  construction,  viz  : 

)  Forging  for  breech-bushing  for  12-inch  cast-iron  rifle. 
)  Forgings  for  fifty  steel  tubes,  breech  cups,  and  muzzle  collars  for 
3h  converted  rifles. 

)  Forgings  for  the  parts  of  twenty -flve  3.2-inch  steel  breech-loading 
.  guns. 

)  Tube,  jacket,  and  trunnion  hoop  for  an  8-inch  steel  breech-load- 
rifle. 
')  Experimental  trunnion  hoop  for  an  8-inch  steel  breech-loading 

• 

0)  Forgings  and  castings  for  steel  shells. 

1)  Forging  for  disk. 

t  this  date  those  numbered  1,  2,  3,  4,  5, 10,  and  11  are  completed, 
those  (numbered  6,  7,  8,  and  9  are  still  in  hand. 

oarly  all  iuformation  relative  to  manufacture  is  omitted  in  this  rejiort,  as  the 
ale  Steel  Company  deHire  that  all  details  of  this  nature  shall  be  conaideied  oon- 
tial,  and  for  the  use  of  the  Department  only. 
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The  dimensions  of  these  tiooiis,  with  some  acconnt  of  their  muit- 
factiire,  nud  summaries  of  the  re^iills  of  tbe  testa  of  specimeua  takn 
from  them,  were  given  in  rei>ort  for  the  Hscal  year  enilinf;  Juue30,I884. 
There  remained  alter  the  date  of  that  report  but  liltle  to  be  done  to  eon- 
plete  thi»  coniract.  The  results  of  tbe  tests  made  at  WMtertowo  At- 
seaal,  other  than  those  given  in  tlie  report  for  1884,  will  befoond  belov: 
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*  Hade  10  npUcs  boop  A,i,  mhlch  had  bMB  T^Jotod. 

FOROINGS  FOB  TBE  BREECH  MECHAHISH  OP  12-INCH,  10-IROH,  AD 
8  INCH  BBEECH-LOADINO  B1FLE3,  AND  CASTING  FOB  lO-IKCI 
BIFLE.  ^ 

Tbe  Tongh-flnisbed  dimensions  of  these  forf^ngs,  tbe  reqnired  pbjdHl 
qnnlilies  of  the  metal,  and  summaries  of  tlie  results  of  tlie  tests  of  ev- 
tain  spedmens,  nerc  given  in  report  for  1884.  There  is  no  speeisi  i» 
mark  to  be  made  on  tlie  manufacture  of  these  forgiugs  otber  tkH 
tbat  in  piercing  the  8  inch  spindle  for  tbe  rent  craclu  were  diaeonni 
which  necessitated  its  condemnation.  icif 

The  results  obtained  in  tensile  tests  of  specimens  from  the  ftbA 
breech-block  and  tbe  sleeve  casting  are  giveo  below. 

Retail*  of  teniiU  f«t(>  of  tangential  ipeoimeiuf^niforgbiiftr  B^Mk  IrwA  MA  ! 
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BOZXBD  HOOPS  FOB  12-mCH  BBEBOH-LOlBINa  BIFLE. 

Tbe  roagh'finisbed  dimensions  of  tbese  hoops,  specified  in  the  con- 
tract, were  as  follows: 


SambcroT 
bMp*. 

Tutertnr. 
dUnuta. 

Sxtarior 

I«D(tb. 

18 

JikAm. 

JmAm. 

1 

The  physical  qualities  of  the  metal  to  be:  Elastic  limit,  51,000  to 
60,WO  pouuds  per  square  inch ;  tensile  strength,  90,000  to  106,000  pounds 
per  square  inch;  elongation  after  rapture:  over  15  per  cent,  as  deter- 
fuined  by  the  test  of  specimens  6  inches  long  between  shonlders  and 
0.SC4  of  ao  inch  in  diameter.  The  treatment  to  be  that  already  pre- 
ficribed  b.v  the  Department  for  steel  for  ordnance  poxpose,  i,  e.,  oil 
ienii>ering  and  subsequent  partial  annealing. 

The  company  experienced  some  difficulty  in  the  manufacture  of  these 
hoops,  and  after  having  made  a  number  of  tbem,  found  that  they  bad 
OTcrcNtimated  the  roiigli-flniHhcd  length  which  could  be  obtained  using 
the  rolls  at  the  height  they  bad  determined  upon  as  sufficient.  As  the 
work  had  by  that  time  proceeded  so  far  that  the  condemnation  of  all 
tbese  boops  woqM  have  etitailed  nerious  financial  loss  on  the  company, 
they  requested  the  Department,  if  possible,  to  sochange  the  plan  of 
booping  tbJM  gun  as  to  enable  tbem  to  use  atleast  a  part  of  these  hoops, 
and  at  the  same  time  they  increased  tbe  height  of  the  rolls,  so  that  the 
remainder  of  the  hoops  to  be  subsequently  manufactured  would  certainly 
rough  fiuifih  to  tbe  required  lenpth. 

Under  date  of  Octolwr  25, 1884,  you  were  pleased,  in  view  of  the 
stated  facts  of  the  case,  and  desiring  to  accede  to  the  company's  request 
as  fnr  as  could  be  done  without  injury  to  the  plan  of  constmction,  to  so 
modify  the  adopted  plan  of  hooping  the  guu  as  to  necessitate  the  oon- 
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demDftttoa  of  bat  4  of  the  23  boops  already  maoofiietDrpd  and  apai- 
fled  the  followiug  modified  rongh-flnisfaed  diDiensions  for  the  hoo|M: 


ber  of    Tntcrlor    Sztrator '  i^--fc 


Some  difficulty  was  also  experienced  iu  obtaining  the  required  phji- 
ioal  qualities  of  the  metal,  aud  retemperiog  and  reaoDeaJing  wen  Ito- 
qnently  resorted  to. 

The  probable  caase  of  this  difficaltywaea  less  thorongh  vorkufrf 
the  metal  than  bad  been  obtained  in  the  case  of  the  8-inoh  rifle  bo^ 
for  being  the  first  of  snch  very  large,  thick,  aod  heavy  hoops  mm- 
factnred  by  the  company,  they  were  handled  cautioasly  both  under  tit 
hammer  and  at  the  rolls,  and  were  heated  ftequently  and  to  qidte  I 
high  temperature. 

With  the  plant  and  facilities  for  manufactare  at  hand,  and  oonBds- 
ing  the  size  of  the  boops,  the  fluat  result  obtained  is  believed  tabtvtj 
fair,  if  not  quitA  up  to  the  excellent  results  obtained  in  the  8-inch  h(iO|i 
referred  to  above ;  the  hoops  were  mannfactured  iu  the  same  manH 
as  those  for  the  13-inch  muzzle- loading  rifled  mortar  and  the  nOil 
S-incb  sieel  breech-loading  rifle  referred  to  iu  report  for  1884.  Sum* 
ries  of  the  results  of  tests  made  at  Watertown  Arsenal  of  npfriiW 
fttim  these  hoops  are  given  below : 

SemllM  of  fcNi 


[Lauifth  of  apcclmeo,  B  Inchra ;  wotioiul  ki 


O.U  of  a  aqoara  luck.] 


I  Accepted  DD  th 

iKovlioop  Am 
Not  iccvpti^l  o 
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in.  noO  ;     .  IMJ1II33  ' 


W,IXW  .0019(7  I  ]«,«» 

'U.ooo  .IXI1MI3  in.m 

W.«M  .001787  197.»» 

S3.0O0  I  .001TC7  I  lOT.Me 

41.000  1  .001«M  U*,>« 

43.000  1  .0013M  SCOM 

*7.ixn)  j  .001100 1  te.no 

4tl,0UU,  .«01HT  L  l<S,Ht 

!%DflA'  .Dnn«s  iM^BM 

M,ooo  .oosoas  '  i\i,m 

M.oi'o  I  .ooiMSl  ioa,M(i 

and  anerwird*  to  bo  MUt  of  O* 
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Be9ult9  of  tensile  tests  of  tangential  specimenSf  ^o. — Continued. 
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■       Position  of  speoimen. 
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I 


It 


i 


1 

2 
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5 
6 


4 
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6 
7 
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3 
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5 
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2 
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5 
6 


e 


1  Middle..  54,000 

2  j  ....do I  53,000 

8  I  ....do '  60,000 


do. 
Inside.. 
Outside 

Inside.. 
Outside 
Inside.. 
Outside 
Middle. 


Middle. 
— do  . 
—  do  . 
— do.. 
Inside  . 
Outside 
Inside.. 
Outside 
Middle . 
do.. 


49,000 
52,000 
63,000 

34,000 
37.000 
66,000 
55,000 
58,000 

48,000 
49,000 
50,000 
49.000 
48,000 
40,000 
52,000 
53,000 
50,000 
49,000 


Middle I  54,000 

...do  51.000 

...  do 55.000 

...do 48,000 

Inside 04,000 
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Inside I  59,000 

Outside !  61.000 

Inside :  5d,000 

Outside i  60,000 

Middle !  61,000 

....do 59,000 


Inside . . 
Outside 
Inside  . 
Outside 

Middle. 
— do.- 
—  do.. 
...do.. 
Inside . . 
Outside 


53,000 
54,000 
53,000 
53,000 

54,000 
55,  000 
53.000 
53,000 
58,000 
57,000 

54,000 
53,000 
54,000 
52,  000 
51,000 
Outside I  53,000 


Middle 
...do. 

—  do . . 

—  do.. 
Inside . . 


Pounds. 

Middle •  57,000 

....do '  55.000 

do 65.000 

do 67,000 

Inside 65.000 

Outside 67,000 
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Outside I  54,000  I 


1^ 
-J 

&3 


o  m 


.0#1767 
.001850 
.  001733 
.001717 
.002183 
.002117 

.001750 
.001717 
. 001800 
.001667 
.001950 
.  001967 


Inch. 

.002050 

.001950 

.001900 

.001900 

.002417 

.002233 

. 001750 
.  001717 
.001700 
.001638 
.001867 
.002100 

.001838 
.001867 
.002100 
.001888 
.001883 

.  001617 
.  001617 
.  001717 
.001700 
.001683 
.001783 
.  001767 
.  001917 
.001700 
.001683 

.001867 
.001800 
.001963 
.001667 
.002350 
.001950 

.001983 
.002050 
.001900 
.  001950 
.002133 
.001967 


.001867  I 
.001783  I 
.001850  I 
.001783  ; 


s'3 

I 
a  e 

•a  . 

«  E  C 

'ill 


Pounds. 
107,600 
104.480 
106,400 
104,660 
111,800 
106,240 

10.\  600 
104.200 
101,200 
101. 280 
104,400 
102,000 

88,600 

88,000 

101,660 

107,160 

102,400 

100,240 
101,000 
102,280 
100,000 
102,280 
100. 6«0 
107.920 
106,000 
106,160 
106,600 

109,280 
101. 160 
108,200 
98,080 
114,000 
102,000 

109.560 
109.160 
108, 200 
108,650 
112.  OOG 
109,440 

102.280 
104,080 
102.200 
102,240 

101, 200 
104,400 
102,480 
101. 840 
107,000 
106,000 

104,320 
104,000 
106.760 
105, 2W) 
100,160 
105, 120 


.a 

e 

a 
it 
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Ineh, 
.1417 
.1488 
.1267 
.1467 
.1888 
.1488 

.1888 
.1617 
.1700 
.1617 
.1488 
.1888 

.1888 

.206 

.125 

.1288 

.1867 

.1667 

.1667 

.1600 

.1617 

.1667 

.1483 

.1267 

.1817 

.166 

.1433 

.1217 
.1488 
.1288 
.1483 
.1017 
.146 

.1638 
.1600 
.1660 
.1538 
.1388 
.145 

.1417 
.1600 
.1483 
.1688 

.160 

.1838 

.146 

.1483 

.1488 

.1683 

.1883 
.1267 
.1400 
.1433 
.1383 
.1617 


PSTMAt 

86.4 
86.4 
88.6 
89.2 
41.9 
86.4 

80.6 
88.6 
86.4 
88.5 
88.5 
86.4 

89.2 
83.5 
88.6 
80.t 
83.5 

89.3 
89.2 
86.4 
89.2 
88.6 
86.4 
27.6 
80.6 
80.6 
30.6 

80.6 
86.4 
80.6 
41.9 
27.6 
41.9 

89.2 
41.9 
88.2 
4L9 
86.4 
39.2 

41.9 
86.4 
89.2 
89.8 

89.2 
88.6 
86.4 
86.4 
88.6 
88.5 

36.4 
86.4 
83.5 
36.4 
39.2 
33.6 


7.8877 


88.68 


>b* 


7. 


1187 


7.8675 


14.9 


7.8682 


19.81 


7.8648 
7.'868i 

i'mi' 


19L81 
29.88 

'ii'si 


7.8668 


28L64 


7.8511 


28L14 


7.8564 


2L64 


7.8682 


2L58 


>t  Accepted  on  thoHe  results ;  retempered  and  annealed. 
ot  accepted  on  these  tests. 
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41  osul    T)i.<noi 

BmOS,  FOBOINOS,  AJa>    CASTING    FOB    lO-INOH    BTBSI.   WIRK-TOinO 
BBBKCH-LOADIMO  BIFLB. 

Uoder  tbia 'contract  the  company  were  re()aired  to  deliTer  13  riiicii' 
breech-block,  1  spiodle,  1  lever,  and  1  cylinder  (sleeve  cutinc),  tb 
TODgh-finish^  diiuensious  being  as  follows: 

Dimeiuioitt  ofiiovp*. 


I  Vo.  at  ■  InlerlM  '  Bxtctlor 


i; 


i  mi  * 


l-agtlL 

Bonodor 

Boiled. 

is 

jr^ 

Do. 

1 

Do. 

tl 

lA 

1)1 

Do. 
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IntadoT    Exterior    < 


PAyn'oal  gHatill«t  nf  (to  autal. 


Matoraofplaea. 

Elaatlo  Umlt. 

i2iu\7i.,-^±".»; 

M.OuOIoM.DODpoDDda 
pat  aquare  Inch. 

TaoaUeatranirth. 

tlun  hIIdwkI  ±  4,000 

jminda  par  aqoare 

108.000'       to       111.000 

c--  -'  —'• 

80,0(0     paoDda     per 
aqnnn  Ineh. 

XloiuoUoB  >nar 
niptuie. 

OrwlBpacoaBi 

OrarllporeML 

OrerlOpereaat. 
AtlautlOparoaol. 

■-bloakaadapiadla 

M.000to4i000po,itida 
par  aqiun  iui-lL 

>  special  comment  can  be  made  od  tbe  manufacture  of  these  parta 
.  lO-inch  steel  wire-wound  rifle.  Much  diCBcnlty  was  experienced 
«ttiiig  satisfHCtor;  tests  from  one  of  tbe  rolled  hoops  aad  also  in 
ining  a  satisfactory  sleeve  casting,  bat  otherwise  the  work  pra- 
ised rapidly,  satisfactorily,  and  without  incident.  Summaries  of  the 
Its  obtained  from  the  tests  of  specimenB  from  these  forgiogs  aie 
n  below: 
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Reaulta  of  tensile  tents  of  tanqeHtial  epechnens  from  sleece  caetiHgfor  lO-incA  fCfd 

wound  bretch'toading  rifle, 

[Length  of  specimen.  3  incbea.    Sectional  ftrea,  0.25  of  •  aqoftre  inch.] 
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Poundt.  ' 
55,000  ■ 
57.000  I 
56.000 


**  ^  i, 


/ncA. 
.002000 
.001900 
.001867 


tli 
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104.120 
102.000 
101.720 


Jiwk. 
.1317 
.IS33 
.ISST 


^1 


ii 


s 

1 


P«r  oint 
24.6 
27.6 
83.5 


7.  Mil 

15l88 

FORGING  FOR  BREECH  BUSHING  FOR  12lNCH  CAST-IRON  UFLS. 


This  forging  was  required  to  be  24.25  inches  exterior  diameter,  1475 
inches  interior  diameter,  24  inches  long,  rough-finished  dimensions  It 
was  forged  and  treated  in  the  same  manner  as  a  gun-hoop, 
cut  from  one  end  showed  the  following  physical  qualities : 
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Potindt. 
55.000 
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.  001767 
.002167 


PovndM. 
102.800 
102, 4M 


Ift^es. 
.1867 
.1938 
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e  fe 


P«r  Mfit 
86.4 
39.2 
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I 
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7. 


TLB 


FORGINGS  FOR  FIFTY  TITRES,  BREECH  CUPS,  AND  MUZZLE  C0LU>* 

FOR  SlNCH  CONVERTED  RIFLES. 

These  forcings  are  requireil  of  the  following  dimensions: 


Nature  of  piece.    /-J,t\e^^     ^'jj^jj-      Length.  '       Ren-rk,. 


Tube 

Brewh  cup  . . . 
Muzr.le  collar. 


Inch  ft. 
13.375 

13.75 


Inches, 
7.625 

11.25* 


Inckss,  I 
124         Bough  flniahed. 
7         Roagh  fonring. 
6.5    ;  Roa^  flniahed. 


The  mean  ]>1iysiCiil  qualities  of  the  tube  and  breech  cap  to  be:  Bt** 
tic  limit,  ;^S,(HK)  pounds  per  square  inch ;  tensile  strength,  80,000  poailft 
per  square  inch ;  eloiijration  after  rupture,  22  to  26  percent.;  rednetifli 
of  area,  20  ]hm*  cent.;  but  the  results  of  no  one  specimen  to  beMov 
elastic  limit,  ;r>.(>0()  pounds  per  square  inch ;  tensile  streDgth,  75^ 
pounds  per  square  iiu*h  ;  elongation  after  rupture,  20  per  cent. 

The  for^in^s  for  the  tube  were  required  to  be  of  open-hearth  slid, 
from  ingots  wei<:hing  about  twice  as  much,  and  having  asectioiialaM 
about  four  times  as  ^i  eat  as  the  solid  forging,  and  to  be  flrom  the  kM 
part  of  the  ingot.s.  The  rough  finished  tul>es  and  the  roagh  forgiill 
for  breech  cups  to  l>e  oil  tempered  and  atterwanls  annealed.    Tbetm 
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irifings  were  made  from  iiirrotn  25  iucbett  Hqnare  ia  croBSBection  by 
tmat  50  incheu  Iiif^li,  weigliing  Hbtiiit  11,000  pomulH  each.  The  forg- 
igs  were  tested  by  tbe  Midrale  Steel  Conipatiy,  and  then  sent  to 
Qotber  Arm  to  be  rough  turued  and  bored,  the  company  not  baviog 
le  facilities  for  this  kind  of  work  ;  «u  their  return  tbey  were  oil  tem- 
ered  and  annealed,  and  the  required  test  siiecimens  cut  ftvm  the  ends. 
he  treatmeut  required,  oil  tempering  and  anuealing,  differs  from  the 
"eatment  to  which  the  Brst  tube  manufactured  by  this  company  was 
ibjected,  viz,  simple  annealing;  the  speciflcationB  under  the  adver- 
sement  asking  for  bids  for  these  tnbes  allowed  the  manufacturers  to 
:ate  the  price  for  either  oil  tempered  and  anuealed  or  simple  on- 
Baled  forgings,  hiiving  the  physical  qualities  specified. 
This  company,  to  whom  the  contract  was  iiwarded,  bid  only  on  oil 
jmpered  and  annealed  forgings,  believing  that  snch  treatment  would 
ive  them  a  better  control  over  the  metal.  Up  to  this  date  fifty-six 
ibes  hare  been  forged,  of  which  twenty-seven  have  been  accepted  as 
>  physical  qualities  and  six  have  been  rejected ;  the  rejections  have 
een  principally  on  account  of  local  defects  at  the  ends  of  the  tabea. 
liree  specimens  are  tested  from  each  end  of  each  tabe,  so  the  total  num- 
er  of  tests  made  is  quite  large.  Summaries  of  the  results  obtfuned 
x>m  several  of  both  the  accepted  and  rejected  tabes  are  givea  below 
8  examples. 
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BesulU  of  teiuUe  taU  of  tangential  apei^mens  firom  end$  of  Into,  /«. — Cantiiiii 
[Length  of  specimen,  S  inobes;  sectionftl  are%  0.S5  of  •  aqaan  inch. J 
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Position  of  epeo- 
imen. 


«  V 

o  • 

fco 

^-^ 

"  o 

®  -I  • 


I 


Inside 

Outride 

Middle j  37,000 

Inside  !  ii.UtiO 


Pound». 

37.000 

iO,  (NiO 


(lutside 
Miildle . 
lusido  . 
OutMide 
Middle . 
. ...do... 

Inside. 
Outside 
Middle . 
Inside.. 
Outside 
Middle . 


40,000 


Inside.. 
Outside 
Middle . 
Inside  . 
Outside 
Middle . 


Inside. . 
Outside 
Middle . 
Inside. . 
Outside 
Middle . 


Inside. . 
Outside 
Mi«ldle  . 
Inside. 
Outside 
Middle . 


I. . 


Inside  . 
Outside 
Middle . 
Inside . . 
Outside 
Middlo. 
Inside  . 
Outside 
Middle . 
do... 


Inside.. 
Outside 
Middle. 
In«ide  . 
Outside 
Middle . 


I 


Inside 40.000 

Outside iU.OOO 

Middle HU.OOO 

Insidf !  37.UOO 

Outwide 3ri.iK)0 

Middle :  37,000 


i3.000  ; 
39.000  I 
3.\U(iO 
S.'i.OOO 
35,0U0 

3.%,  000 
38.000 
87.U00 
ii.OOO 
i2.0<0 
il.OOO 

38,000 
30.000 
iU.OtiO 
30.000 
39.000 
37,  (MM) 

ii.OOO 
il,(MN) 
41,000 
43.000 
i3.000 
il.OOO 

i5,000 
i«).000 
i3,U00 
46,000 
ii.OOO 
i3,0U0 

35,000 
85.000 
34.0110 
i2.000  I 
43.000 
40.000  , 
41.000  : 
il.OOO  I 
39.000  I 
39.000  I 

39.000 
41.000 
40.000 
43.000 
41.000 
iO,000 


I 


a  * 

•i 


g£| 


Inch. 

.001X13 

.001433 

.OUliOO 

.OOliOO 

.001307 

.001367 

.001233 

.0011:13 

.001100 

.001067 

.001133 
.00I2H7 
.  0<U267 
.00lib7 
.001433 
.OOliOO 

.001167 
.001300 
.001300 
.001300 
.001100 
.001:^ 

.001100 
.OOliOU 

.  oor.'67 

.001533 
.001567 
.001367 

.001367 
.  001283 
.001267 
.001367 
.001367 
.001400 

.001033 
.001100 
.001100 
.00li38 
.00-38.I 
.00li33 
.001367 
.00i::00 
.001367 
.001338 

.001233 
.0012117 
.001333 
.001300 
.001167 
.001300 

.001267 
.OOliOO 
.001200 
.001333 
.001233 
.001200 


e 

III 

m  E.CS 
H 


Potmds. 
75,280 
78.  MO 
75,720 
83,820 
79.640 
83,000 
78,000 
7.\i80 
7i,720 
7i,i00 

7?,  620 
77,280 
75,000 
81,Sii0 
60.200 
79.i00 

7i.6i0 
78,000 
78,080 
75,2iO 
75^360 
rj.120 

76^800 
80.i80 
79,160 
86.880 
83,280 
82.iiO 

• 

80,240 
82.000 
82,000 
83,960 
8i,56ll 
8i,tU0 

72.2i0 
7i,080 
71.840 
Sl.ibO 
83,660 
76.720 
76.720 
77,iOO 
76,000 
75,680 

73,880 
78.840 
75^160 
79,i80 
76.600 
78,  HM 


7i. 

76.010 

75,OiO 

78,ilO 

75,920 

78,680 


e 

a 

II 

I 

M 

2233 
1467 
1967 
2667 
2500 
2067 
2167 
2333 
1667 
2667 


tso 

230 

2667 

2i0 

1967 

2538 


2:133 


2233 
2467 
240 


2067 

2467 

2383 

230 

2367 

2i0 


2238 
2067 


2467 


24«7 

liO 

160 

22C7 

2iO 


2188 


210 
2M7 


2M7 

2S0 
240 


PtBTMnC 

41.0 
21.4 
38.5 
40.7 
47.2 
47.2 
48.0 
41.5 
30.0 
47.2 

68.2 

48L7 
47.2 
41.0 
83.5 
62.2 

47.2 
40l7 
44.6 
57.0 
54.0 
61.5 

l«.t 
fiCLt 

54.0 
47.2 
47.  t 
4tl7 

68.2 
48L7 
4a7 
52:2 
68.2 
4tl7 

4L0 
44.6 
41.0 

tiwO 

tiLt 

41.0 
47.1 
47.2 

47.2 

44.0 
4C0 

47.9 
41.0 
40.7 
4C« 

40L7 
68.2 
M.6 
ULt 
88L2 
81.4 


7. 


Vi% 


7.05M    0.9 


7. 


7. 

■  4 

7. 


an 


ttM 

as 


•  .•■w 

•  •  *      *  * 

7.  Ml 

...Mi 

a« 

«■•■— 

7.001 

aa 

«  «  •     -  ■ 

.Mass 

7.aHi 

aa 

••■•••• 

••»Me 

••■^■o 

7.0W 

ai 

^ 

7.aHi 

%B 

■^^^ 

T.oni 

a* 

.m—^ 

.—^ 

7.aHi 

a« 

..«• 

.M-« 

....— 

..-.« 

mm    •••• 

.M.' 

— ^ 

7.tM 

afl 

..— 

,.—— 

T.Mi 

aa 

k  *•••••■ 

— 

T.tRl 

a« 

..•..••« 

.•i»"* 

-^a* 

T.MV 

a« 

.....— 

.— ■• 

*  Not  accepted  on  th«'M«  tests. 
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I  mnule  collars  were  manufactared  like  gnn  hoopB,  except  that 
brgiug  they  were  uot  treated  in  oil,  but  caased  to  cool  slowly; 
fere  then  tested  by  the  Midvale  Steel  Company  andcr  the  saper- 

of  an  inspector,  and,  if  satisfactory,  then  accepted  and  roagh 
■d. 

following  are  some  of  the  resntts  of  tests:* 


?'l 

u 

'i 

i 

iii 

II 

ih» 

II 

pj 

PniBrf.. 

IwAtt. 

85.787 

.20 

"■" 

86  parts  consist  of  tube.jncket,  sleeve,  base  ring,  keyring,  breech 
obturator  stem,  lever  bHiidle,  carrier  ring,  gas-checking  ring,  nat^ 
HDuiou  hoop,  of  the  following  rough-finished  dimensions: 


MUDNOtplooB. 

lEterior 

4.ms 

dUlDEter. 

Langth. 

B«mvlu. 

Jaeha. 

if 

t.is 

0.S 

)  forgings  of  open  bearth  steel,  oil  tempered  and  afterward  an- 
I,  and  to  have  the  following  physical  qaalitiea : 

nmtlo  limit,  42,IK>0  pininda  par)  ^°  i£      fsiHUii  Lmlt,  M,(mpoaBds  fm 
•qnvs  loch.  DISS'S  i         (qaara  faob. 

TcBolU  aircDiith.  88.000  poocidi  I  g  |  «  -  J  J  Tanilla  iinDgUi.  BO,M«  pmb4* 
|ier  sriiurs  Inob.  f  7     E  g  a  ]     Par  iqiun  laeh. 

EIonfFBlloB  after  rupture, 20  parr  cSa  aX    BloDmuiiB  alUc  rnntawt  U  ftr 

lent  J^  I    <*"'■ 

Eliatle  limit.  SO.OOO  pounda  perl  °  °  ^'^ 
rength,  9S.O0O  pouDdatllg     -' 


per  »qnare  lutli.  i  I  .  I  g  =  1     J*'  aqii*™  inoli. 

lenEaUon  after  mptDra,  IS  per  [  v  J  e  g  j     KloDiDUOD  altu  niptiiT^  U  par 


Elaatlo  limit,  W,000  ponuda  p«r  j  °  "  t^ 
Ten>lle  atreii'zlh,  85,000  poundal  gjc^i 
peraqii«rHiu«h.  |  ie**! 


1«  Umit,  HIM  p. 


Blaade  limit.  41,000  poosAa  pv 

Tenxlle  ■trancth.  U,000  pooada 

per  aqnan  Inah. 
Ktoneatlan  aftar  mptnn,  U  fm 


;  aectiunal  area,  0.3  of  a  aqaara  inah. 
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The  forgings,  willi  tlie  exveptiou  of  the  tubeaiid  traunion  booptvm 
made  in  the  same  manner  a»  tLose  tor  au  experimental  3."  inch  SUA 
breech-loatliug  field  guu,  described  in  report  for  1884.  The  tnbes,  like 
the  other  parts,  were  to  l>e  oil  tempered  and  afterward  auuealed,  in- 
atead  of  simply  annealed  as  in  the  ease  of  the  experimental  gaa,  thii 
change  being  made  with  the  ext>^etation  of  obtaining  more  unifbn 
metal  of  the  desired  phjuical  <)ualitie8.  The  tninnion  hoops  arefbi 
gings  instead  of  being  custings,  as  for  the  experimeuial  gnn,  this  cbangi 
also  being  made  iu  the  expeetation  of  obtaining  better  metal. 

Up  to  the  present  time  but  few  of  these  forgiugs  have  been  completei 
and  submitted  for  test  by  the  Department;  the  work,  howevur,  is  in 
forward  state  of  completion.  The  resalts  of  the  teats  of  Bueh  of  thea 
forgings  as  have  been  completed  are  given  below : 


(Length  nf  RpwlmeD.  2  InDbeii:  MCtbnal  ■»•,  C.l  uf  ■  •qiun  iBGh.] 
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t:  KHtioul  mru,  O.Gaf  stqoare  In 


Mann  of  pl«ca. 

i 

■s 

1 

•s 

1 

1 

i 

h 
l« 

II 

M,0O0 

*s.m 

mIooo 
«:«oo 

B7,000 

fio.ooo 

so.  000 
61.000 

ss 

oo.ooo 

IB,  000 

(bIooo 
Oiooo 

11 

1 

1 

I 

InA        Found: 

.  ooieoo      09, 800 

,001860  ;    100,100 

ioOlOSfl  1     104,000 
,OOIWW  ;      B9,300 

looiaoo 

M,2O0 

tw.000 

M.MO 

II1E,M0 
106,  HO 

^■^'.v.::.:;:. 

,  OOIMO  '      BE,  MO 

iss!  iS 

.OOIBOO  j     1M,4W 

ObtmMor  awm , .. 

g:::::::::::. 

1 

the  1st  of  November  last,  you  forwarded  to  the  Midvale  St«el 
[>an;  &  circular  letter  iucloaiug  drnwings  gi%'iiig  the  dimensions  of 
tubes,  jackets,  aud  tiuiinion  hoops  for  8-inch  aud  lU  inch  steel 
th-loadiug  rifles,  asking  the  price  per  pound  at  which  rongh-fluiehed 
Qgs  of  the  dimensions  given  could  be  furnished,  and  what  time 
d  be  required  to  deliver  one  set  of  each;  on  the  15th  of  November 
Vlidvale  Steel  'Company,  achnowleilging  receipt  of  this  letter,  in- 
.  attention  to  the  fact  that  thuy  were  engaged  in  adding  to  their 
;,  and  wonid  shortly  be  able  t«  furnish  all  the  parta  of  an  S-inch 

rifle,  and  were  very  desirous  at  some  future  date  of  attempting 
lanufacturt,  if  the  Department  would  furnish  drawings  of  the  parts 
ed.  In  forwarding  this  letter  to  the  Department  especial  attention 
nvited  to  the  fact  that  with  the  propuHed  atildltion  to  the  plant,  which 
d  enable  the  Midvale  Steel  Company  to  mannfactnre  the  forgingo 
11  the  parts  of  a  high-power  8-inch  steel  rifle,  the  Department  would 
tie  to  fabricate  such  guns  in  which  all  the  parts  would  be  of  home 
uction  (for  the  Midvale  Steel  Company  had  already  produced  excel- 
hoops  for  a  gun  of  this  caliber,  the  tube,  jacket,  and  trnnnion 
s  for  which  were  furnished  by  Sir  Joseph  Wbitwbrth  &  Co.);  that, 
ccessfut,  a  step  could  be  made  toward  the  production  in  this  conn- 
f  guns  of  the  larger  calibers  to  be  used  in  our  fortifications ;  that 
ixperience  gained  would  be  of  value  in  connection  with  many  ques- 
I  of  detail  arising  in  work  of  making  still  larger  forgiugR,  and  that 
irodDCtion  of  8-ineh  steel  rifles  would  soon  beitame  a  matter  of  oar- 


J 
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rent  fabrication,  for  which  the  Departmpnt  conld  deppod  oo  boM 
products  exclnsively,  and  the  way  would  be  clear  to  euter  Dpon  til 
larger  field  of  study  aod  experinieiit  which  the  productioo  of  tk 
heavier  calibers  would  require.  On  the  2d  of  April  proposals  irerei» 
Tited,  by  advLTtisemeut,  for  furnisbiug  the  three  forgit)}i:s  enamrnted 
above  for  ail  S-incIi  gun  of  open-hearth  Bteel  of  AmericaD  protlnctio^ 
and  the  contract  waa  awarded  to  the  Midvale  Steel  Compaoj  « 
April  20. 
The  forgings  are  of  the  following  rongh-flnished  dimensions: 


and  the  metal  is  required  to  have  the  following  physioal  qaalities: 

(E)MttoUmlt.U,««poaDdapn«qa*nl'£  i  ■  ,  (BtMe  Unit  U>*M  *■«*  f 
Inoh.  '  =11     ■— ■- 

Tmb* jTeoalla  atmiBth,  M.OOO  po 


(EloDiatiDD  ttttt  raptan,  n  per  mdI 
r  Elutlc  limit,  M.OOO  pound*  p«r  tqtutra  ] 

.  i  Tmails  ■trrngth,  M,DOO  poanda  pet  >  £  ^  1.^ 


I  Bloiiiwtloii  «ltor  raptara,  1»  p«r  e«rt.  j  a-s  °     ( 
rEU*tlcIlml(,45,0Ci0pmudipra*qDai«)'SS*     (X^**^'  Halt  <MM  I 


rini-<  Trniiile  atrengtb,  M,WO  ponndi  per  S  > 
•quin  iDob.  ; 

h  EloDgftUon  mflAT  ruptnTe,  15  p«r  eonL  J  c 


I  EloonlloB  aflar  nptH%  B  ^ 


The  tnbe  aod  jacket  were  to  be  forged  ttom  ingots  w«ighing  ib^ 
twice  as  much,  and  having  a  sectionul  area  from  three  to  four  timti  V 
great,  ns  the  solid  forging,  aii<l  to  be  from  the  lower  ]tart  of  the  iiigrtk 

At  the  preKeut  time  the  tube  aud  Jacket  bare  been  forged,  and  Iki 
tnl)e  is  being  rough  finished.  The  tensile  tests  of  Biwoimeua  takuu  fn* 
the  ends  of  the  tube  forging  show  that  its  qualities  are  good.  T^ 
from  the  jacket  have  not  been  quite  so  satisfactory. 

No  work  bas  been  done  on  the  trunnion  hoop. 


EXFEBIUENTAI.     TRUNNION 


FOR    8-IHCH    STKBL    BEXECH-LOAtfff 

RIFI.E. 


This  exi>erimeQtal  forging  is  to  lie  delivered  in  the  rotigli  fbi^ged  illA 
excepting  that  it  will  be  coR'd,  and  it  is,  after  aoueptaDce  as  to  Jibji'j 
qualities  on  the  regular  tensile  tests  of  the  metali  to  be  tlunoiich^  ^ 
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nstively  tested  both  by  macbine  tests  of  speciineiin  and  by  shrinlt 
It  is  re<]iiire<)  to  iionsess  tl:e  same  pUysicHl  quabties  us  the  trann» 
loop  to  be  debrered  witb  the  8-iiivb  tube  aiid  jacket.    It  Iiaa  at 
tiuie  been  forf^ed,  and  is  ready  for  treatmtiDt. 

POBGINGB  Aim  CASTINGS  FOB  STEEL  SHELLS. 

ese  sliells,  six  in  number,  to  be  nsed  in  experiments  with  nitro. 
!rinQ,  were  made  nsfollutvs:  One  forced  and  one  cast  projectile 
tiinde  fn>m  each  of  three  kinds  of  metal,  and  after  rongh  finishing 
oil  tempei-ed.    The  results  of  the  tests  of  the  metal  are  as  followBt 


m 

8 

li 

i-4. 

i& 

ii'- 

rotinrf.. 

Ptrtm*. 

FTon,hTt«ia.tnM'.. 

{^(■;!7 

152,  KM 

.01 

asB 

*  Length  of  •pedmen,  2  tnobM.    SccUimal  u**,  S  J  o(  i  iqiura  InOh. 

is  hoped  that  the  resalts  of  tbe' firing  ^ith  these  sheila  will  give 
I  valuable  luformatton  as  to  the  best  metal  to  be  nsed  for  steel  prO' 


is  disk,  to  be  nsed  in  making  some  addition  to  tbe  S-tnchTatns  goO| 
Torged  from  an  ingot  of  a  heitt  of  ordnance  metal,  by  npsetting 
rounding,  and  treateil  to  obtain  a  tensile  strength  of  about  86,000 
ds  and  au  elastic  limit  of  about  3G,U00  pounds. 

EXPEBOIENTS. 

To  determine  the  condition  of  the  metal  before  treatment,  6ped- 
\  were  taken  from  12-iuuU  ride  hoop  A 13,  and  tested  at  Watortovo 
nal.    The  results  are : 
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' LeBgOiot aftxiaita.  OiudiM.    SbcUodsI  ■»>,  0.21  Dt i iqiun inob. 

comparison  of  these  results  Tvitb  those  obtained  in  the  tests  of  speo 
a  taken  after  oil  tempering  and  luinciilingfor  tbe  acceptance  of  thA 
will  show  the  result  of  the  treatment. 
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(2)  The  qnestioD  baviag  been  raised  wlietber  lieatine  hoops  orate 
parts  of  a  built-up  gan  composed  of  oil-teiopered  and  aoDeated  Ml 
would  not  injure  tbe  metal,  some  pieces  of  12-iDcli  rifle  hoop  Bx,  taqi 
enough  to  furnish  test  specimens,  vere  heated  very  slowly  in  hot  ^tl 
about  520°  F.,  and  held  at  that  temperatnre  for  a  short  time.   H 
pieces  were  taken  in  cloxe  proximity  to  each  other,  and  one  inside  ul   ] 
one  outside  specimen  were  heated  together.    Two  of  these  after  hnitiif   ' 
were  baried  in  powdered  lime  so  that  they  should  cool  veiy  Blowly,w 
tbe  other  two  were  allowed  to  cool  in  air,  that  is,  about  as  rapidl^  ■>*   ' 
part  of  a  gan  iit  assembliug  would  cool.    The  speoimeus  tamed  ftoafle  I 
pieces  gave  tbe  following  results :  I 
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A  comparison  of  these  results  with  those  obtained  in  the  testeof  ttl 
ordinary  specimens  from  tliis  hoop  shows  how  little,  if  any,  fidlilf  (fl 
took  place  on  account  of*  tbe  beating.  Tbe  ohemit^  aDMyiia  of  tUl 
metal  was  abont  that  which  had  been  shown  by  experiment  to  bs ttl 
most  easily  affected  by  heating  within  the  range  snitable  for  oidniM 
purposes,  and  seemed  to  show  that  the  mere  beating  of  the  several  nril 
of  a  gan  up  to  500°  or  €00°  F.  (about  what  is  required  for  th''»*f 
purtioses),  does  nut  materially  affect  the  metal. 

(3)  In  July  last,  iii  compliance  with  yonr  instructions, 
was  made  to  determine  tbe  effect  of  i>0Qring  molten  cast  iron' 
piece  of  oil-temiiered  steel.  The  metal  selected  was  from  the  murii 
end  of  a  tube  for  8-inch  converted  rifiea  which  had  been  r^ected  oa  *■ 
count  of  poor  tests  from  the  breech  end,  a  piece  15  inches  long  bt^eri 
from  the  muzzle  end  for  tbe  purpose. 

A  lit;bt  finishing  cut,  about  2  inches  iu  length,  was  taken  on  Uiebn 
of  this  piece  at  the  end  from  which  test  8]>ecimens  bad  been  taken,  il 
DO  ucTurate  calipers  for  making  fine  measurements  were  at  hand,! 
gauge  rod  was  made  to  accurately  St  this  finished  bore,  measarOBdH 
being  tiiken  at  two  scored  diameters  at  right  angles  to  each  other.  Ai 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  kit- 
ing of  the  molten  cast  iron  should  be  at  least  0.02  inch  on  ihe  diM- 
etcr,  anntber  t^auge  rod  was  made  0.02  inch  longer  than  the  first  M 
to  be  used  to  iletermine  when  tbe  piece  of  tube  with  the  molten  t^ 
iron  about  it  had  expanded  that  amount. 

Tbe  weight  of  cast  iron  to  be  used  va»  determined  £rom  aeouida^ 
tioii  of  tbe  specific  heats  of  the  two  uietals,  the  weight  of  OiepieM* 
tube,  and  tbe  melting  jHtint  of  cast  iron,  with  a  view  to  obtaiiiilC' 
temperature  of  not  over  6l.HI°  F.  in  tbe  steel;  of  conrse  the  nrfiM  " 
contact  iu  tbe  steel  was  liable  to  be  heated  to  a  much  higher  tHOfV* 
ature  than  iH)0°  V.,  but  it  was  hoped  by  removing  tbe  caat  iron  •■  ■* 
as  (wssiblc  that  the  steel  would  not  be  raised  to  an  w  1 1  iml  hiIj  W|^ 
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peratare,  and  it  was  deemed  best  to  make  a  calcalation  under  a  sup- 
tioD  that  would  give  a  definite  empirical  rule  that  coold  be  fol- 
n1  in  any  subsequent  almilar  heating  operation, 
le  amount  of  cast  iron  require'l'was  found  to  be  abont  120  pontids, 
Dg  a  thickness  of  about  U.8  inch  of  metal  about  the  piece  of  tube. 

piece  of  tube  was  placed  with  its  axis  vertical  in  a  green  aand 
i,  and  was  sunk  about  1  inch  in  the  lower  flask  of  the  mold  to  pre- 
:  the  molten  metal  from  running  onder  the  bottom  and  so  up  into 
bore. 

NO  flat  bars  of  steel  0.25  inch  tbick  were  placed  vertically  in  the  mold 
le  space  to  be  filled  with  cast  iron,  and  opposite  to  each  other  to 
itat«  stripping. 

fter  the  piece  of  tube  had  been  set  in  the  mold  and  eveaytbing  was 
jadiness  for  pouring  the  cast  iron,  a  final  measurement  was  made 
I  the  gauge  rod  at  the  scored  diameters  to  determine  that  the  meas- 
oents  previously  taKcn  were  correct.  In  pouring  the  mold  was 
il  in  0.5  minute ;  as  soon  as  the  mold  was  fall,  and  as  rapidly  as 
lible  thereafter,  measurements  were  taken  with  the  gauge  rod  0.03 

longer  than  the  original  diameter,  the  measurements  alternating 
he  scored  diameters. 
xpansiOQ  took  place  very  suddenly  two  minates  after  the  mold  was 

and  was  a  little  more  than  0.02  inch ;  verifying  insertioas  of  the 
;er  gauge  rod  were  immediately  made  on  each  scored  diameter,  the 
L  liftetl,  and  the  cast  iron  stripped  from  the  tnbe.  The  piece  of  tube 
entirely  free  from  the  hot  cast  iron  in  1.5  minutes  after  the  expan- 

took  place,  and  was  allowed  to  cool  in  the  open  air.  Measorementa 
ID  tweuty-flve  minates  after  the  tube  was  free  from  the  cast  iron 
red  that  the  tube  had  not  up  to  that  time  contracted  appreciably, 
metal  was  poured  late  one  evening,  and  the  tube  was  allowed  to  stand 
'  night ;  measurements  on  the  scored  diameters  taken  the  following 
oing,  about  thirteen  hours  after  the  pouring,  with  the  primitive 
$e  rod  showed  that  the  tube  bad,  as  nearly  as  coald  be  determined, 
racted  to  its  original  diameter.  Four  specimens  were  then  cat 
I  this  end  of  the  tube,  their  axes  being  about  1.5  incbes  from  the  end, 
from  the  top  of  the  piece  of  tube  as  it  stood  in  the  mold.  The  tests  of 
6  specimens  have  shown  that  the  physical  qualities  of  the  metat 
i  not  changed  by  the  operation.  Summary  of  the  results  of  tests  of 
imens  before  and  after  the  pouring  is  as  follows : 
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works  before  bein^  shipped  to  tbis  foundry  where  the  finisliiDg  and  fit- 
ting of  the  pieces  is  done.  The  tubes  and  mnzzle-coUars  when  received 
are  rough  finished  interiorly  and  exteriorly  ;  the  breechcups  are  roujjh, 
solid  forgings.  Up  to  this  date  the  following  steel  forgings  have  been 
received,  viz  :  27  tubes,  50  muzzle  collars,  and  37  breech  cups. 

The  following  constitute  the  principal  operations  upon  the  tube,  which 
is  closed  at  the  breech  end  by  the  breechcup:  1,  the  tube  is  centered 
and  bearings  are  turned  for  mounting  it  in  the  boring  bed;  2,  it  is 
rough  bored  to  a  diameter  about  one-sixteenth  of  an  inch  under  finished 
size,  and  at  the  same  time  is  rough  turned  over  the  whole  exterior 
length;  3,  it  is  removed  to  a  lathe  and  the  seat  for  the  breech-cnp  is 
finished  and  threaded;  4,  the  breech-cup  is  inserted  and  the  tube  then 
subjected  to  a  water,  pressure  of  120  pounds  to  test  the  tightness  of  the 
thread  joint;  5,  the  tube  is  again  placed  in  the  bed  and  finished  bored ; 
6,  the  tube  is  rifled ;  7,  it  is  finished,  turned  outside  to  fit  the  casing, 
and  the  muzzle-collar  designated  for  it  and  is  then  tried  in  the  casing; 
8,  before  the  final  insertion  the  bore  is  "lapped''  with  a  half  round 
cylinder  of  lead,  using  emery  and  oil  to  grind  and  polish  the  surfaces 
of  the  grooves  and  lands. 

To  prepare  the  breech-cui)  for  insertion  it  is  first  rough  turned  and 
faced  at  the  ends;  the  cup  proper  is  then  cut  and  fine  finished, and  the 
surplus  length  at  the  base,  varying  from  0.875  to  1.5  inches,  is  faced  on 
two  sides  to  afford  a  hold  for  the  wrench  used  for  screwing  the  piece 
home;  finally  the  thread  is  cut  to  suit  that  already  made  in  the  tube. 

The  operations  upon  the  muzzle-collar  comprise,  1,  rou-h  turning 
the  exterior;  2,  rougli  and  fine  finishing  the  interi(»r ;  3,  cutting  the 
thread  and  turning  the  exterior  to  tit  a  designated  casing,  in  which  op- 
eration the  ring  is  mounted  upon  a  mandrel. 

The  above^is  an  outline  of  the  principal  operations  required  in  the 
manufacture  of  the  gun  as  far  as  the  insertion  and  comi>lete  assem- 
blage of  the  tube,  casing,  and  muzzle-colliir.  VVIumi  that  is  done  it  re- 
mains to  insert  the  securing  pin  iind  vent  bushing  and  stop  the  old 
vent.  None  of  the  tubes  have  as  yet  been  assembled,  but  in  connection 
with  the  above  the  progress  of  the  work  on  the  steel  parts  may  be 
shown  by  the  following: 

Of  the  twenty-seven  tubes  received  to  date  all  have  progressed  as  far 
as  to  include  the  stage  of  rough  boring,  10  have  the  breechcups  in- 
serted and  are  finished  bored,  10  are  rilied,  5  are  finished  exteriorly 
and  fitted  to  casings  and  muzzle-collars,  and  3  have  been  "lapped"  and 
polished  in  the  bore. 

In  addition  to  the  16  breechcups  assembled,  6  others  are  rough 
threaded  preparatory  to  fitting  and  insertion  in  a  designated  tube. 

Of  the  muzzle-collars  14  have  been  fitted  to  casings  and  13  others  are 
prepared  for  the  threading. 

In  the  inspection  of  material  only  one  piece  has  been  rejected  to 
date,  viz:  Breech  cup  forging  No.  4,  for  fine  seams  left  exposed  in  the 
finished  surface  of  the  cup  proper.  In  several  of  the  cast-iion  casings 
small  defects  have  been  uncovered  in  the  finished  bore  near  the  muzzle, 
but  none  which  could  be  considered  serious  enough  to  condemn  the 
casing  for  service. 

Very  respectfully, 

R.  BIllNIB,  JR., 
Lieutenant  of  Ordnance. 
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BPORT  OF  THE  WORK  DONE  FOR  THE  ORDNANCE  DEPARTMENT  AT  THB 
WORKS  OF  JONES  .J'  LAUGHLINS,  PITTSBURGH,  PA.,  DURING  THE  FIS- 
CAL YEAR  ENDING  JUNE  30,  1885. 

By  Lieut.  William  M.  Medcalfb,  Ordnance  Depabtmbxt. 

(2  plates.) 

Uiuler  contact  of  Jane  30,  1884,  the  firm  was  called  upon  to  cold  roll 
fcirteen  steel  bars  for  the  10-inch  Woodbridge  wire-wound  gun. 

Twelve  of  thcvse  bars  were  24  feet  in  length,  one  being  a  half  bar,  12 
Bet  in  length,  for  experiinentul  purposes.  They  were  made  of  open- 
earth  steel,  and  were  manufactured  by  the  Otis  Iron  and  Steel  Oom- 
Bny,  of  Cleveland,  Ohio.  ^  Each  bar  was  made  from  the  lower  half  of 

14  inch  square  ingot,  which  was  rolled  and  hammered,  while  hot,  down 

0  4 J  inches  square. 

The  bars  were  now  to  be  reduced  by  cold  rolling  to  3^  inches  square^ 

01  the  smallest  practicable  number  of  passes. 

Before  deliver^^  to  the  contractors  the  bars  were  annealed  at  the 
Washington  navy-yard,  under  the  direction  of  Dr.  W.  0.  Woodbridge. 
fhe  following  description  of  the  operation  is  furnished  by  Dr.  Wo5i- 
nidge: 

The  furnace  in  which  the  bare  were  annealed  (and  subsequently  the  tube  for  the  10- 
Dcb  steel  wire- wound  gun)  was  constructed  on  plans  furnished  by  me  for  the  Or  d- 
Ance  Bureau  of  the  Navy  Department,  at  the  Washington  navy-^ard. 

The  requirements  of  the  process  of  annealing  are  that  the  article  to  be  annealed 
ball  be  heate<l  with  uniformity  to  a  temperature  which  shall  reduce  the  elastic  re- 
istance  of  the  material  to  a  very  small  quantity,  and  subsequently  cooled  with  such 
egree  of  uniformity  as  uot  to  introduce  strains  arising  from  irregular  or  diasynchro- 
0U8  contraction.     Oxidation  must  also  be  guarded  against. 

The  furnace,  which  is  represented  in  the  accompanying  drawing,  was  planned  with  a 
Qw  to  meeting  these  requirements.  It  consists  of  a  long,  narrow,  and  coyered  reot- 
igular  inclosure  of  brick-work,  provided  with  supports  for  the  tube  or  bars  to  be 
'tiealed,  and  with  the  necessary  apertures.  The  whole  is  inclosed  within  end  plates 
'O  back  staves,  connected  with  tie  rods.  The  bricks  chosen  for  its  construction 
-re  made  from  the  clay  commonly  employed  in  the  vicinity  of  Washington  for  brick 
^king,  being  selected'from  a  kiln  of  ordinary  building  bricks,  by  attention  to  the 
pearances  indicating  the  degree  of  heat  at  which  they  had  been  burned.  It  was 
Pessary  that  they  .should  have  sutHcient  strength  to  support  the  weight  they  were 
Htined  to  bear,  and  at  the  same  time  that  they  should  be  as  porous  as  possible,  so 
^t  their  conductivity  for  heat  might  be  low.    Bricks  that  had  not  reached  the  point 

incipient  vitrification  were  therefore  chosen — such  as  had  attained  their  fnU  red 
lf)r,  while  they  might  yet  be  regarded  as  "  rather  soft.'*    The  temperature  indicated 
theses  qualities  is  above  that  reached  by  any  part  of  the  walls  of  the  annealing 
»*tiace,  so  that  further  shrinkage  was  uot  to  be  apprehended. 

The  cement  used  in  laying  the  walls  was  composed  of  molding-sand,  to  which 
>ont  one-fifth  part  of  common  clay  was  added,  and  enough  of  a  mixture  of  molasses 
^<i  water  in  equal  parts  to  give  it  the  requisite  plasticity.  This  mixture  dries  with- 
^t  apparent  contraction  and  forms  a  very  firm  cement  as  soon  as  dried,  retaining  its 
«rengrh  through  all  the  ascending  steps  of  temperature  to  the  point  at  which  ttae 
^bonaceous  residue  of  the  sirup  is  consumed. 
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To  prevent  Iors  of  hoat  through  the  walls  of  the  furnace  by  convection,  it  m 
painted  (or  varniHhed)  extmorly  with  a  Rolntion  of  Rilioatt'  of  Koda,  to  which  Va» 
tian  red  was  added,  and  with  the  Hame  mixture,  with  the  further  addition  of  lith 
ar^e,  in  th<'  interior.    The  latter  mixture  fused  at  the  temperature  of  annealing. 

The  covering  of  the  furnace  rested  on  iion  niates.  It  consisted  of  niohling*«nl 
mixed  with  molasses  and  water,  tilled  in  with  light  pressarc,  and  covered  at  tMlip 
with  closely-titted  slates. 

Precautions,  too  often  omitted,  wore  taken  to  prevent  the  expannion  of  the  intcriv 
iron  parts  from  bringing  strains  u])on  the  walls,  and  for  keeping  the  \calla  dry  wha 
not  in  constant  use,  by  cutting  otf  capillary  connection  with  the  gmnnd. 

Doors  at  the  ends  of  the  furnace  are  provided  for  the  insertion  of  tlie  pie<:ea  of  tlid 
to  be  annealed.  They  are  ciosi'd  when  the  furnace  has  received  its  charge  wiA 
brick-work  laid  in  sueli  a  way  as  to  1>e  easily  I'emoved  \x  hen  the  annealiii|;i8  contplelii 

The  doors  for  tlie  insertion  of  fuel  are  wholly  below  the  space  occupied  by  the  melri 
to  l>e  annealed,  and  are  at  the  same  time  the  only  outlets  for  the  air  admitted  if 
combustion.  Dnift  hides  for  the  admission  of  air  are  placed  iniDiediately  below  thoa 
Both  doors  and  dnift  holes  are  furuiHhed  with  stoppers. 

The  fuel  employed  is  charcoal.  No  grate  b:irs  are  needed.  Small  "peephole^* 
very  much  widened  vertically,  are  formed  in  the  walls  at  a  suitable  lioiglit  nir  viev* 
ing  the  objects  to  be  annealed.  H(N>ds  of  sheet-iron,  connected  witli  draft  pipet,Ml 
placed  above  the  doora  to  oirry  up  the  escaping  gases  of  combustion,  but  take  m 
parr  in  promoting  the  drafts  of  the  furnace. 

Ity  the  arrangement  described,  the  object  to  be  heated  and  annealed  ia  placed  ii 
what  might  be  called  an  inverted  ]>ool  of  heated  gast*s,  forming  a  bath  fri»ui  wlufk 
it  appeals  to  take  Its  temperHtnre  with  gn^at  regularity  and  unifomiity.  There  CM 
be  no  strong  drafts  in  the  furnace,  IfM'alizing  its  heat,  since  the  cohiuin  of  heated  dr 
to  which  draft  is  due  does  n4)t  exceed  two  feet  in  h«*ight,  but  tliis  is  more  than  nfr 
cient  to  procure  as  rapiil  combn.stion  as  is  desirable.  The  quality  of  the  gaMtrf 
combustion  may  be  observt'd  as  they  escape  from  the  partially  closed  doora.  and  tkl 
supply  of  fuel  (which  should  be  dry  charcoal)  may  lie  so  proportioned  to  the  air  al- 
niitted  as  almost  entirely  to  obviate  oxiilation  in  heating. 

The  tem]><'ratnre  to  whieh  articles  of  steel  are  bnhiglit  for  annealing  ia  indicairi 
by  a  full  red  color.  This  heat  is  maintained  for  an  hour  or  ni<»re,acconling  to  tberiv 
of  the  piece,  the  idea  being  that  more  time  is  prohably  r«.*quin*d  for  the  eqaaliiatiii 
(or  remission)  4)f  strains  in  a  large  mass  than  in  a  small  one. 

The  time  devoted  to  bestting  the  furnace  and  its  contents  de|iends  in  part  npCD  tli 
necessity  of  importing  such  an  amount  ol  heat  to  the  furnace  itself  that  cooliugtUi 
be  sufficiently  gradual. 

The  bars  for  the  staves  of  the  10  inch  gnn  before  mentioned  were  all  annealed, pi^ 
paratory  to  cidd  rolling,  at  the  same  heat.  They  were  piled  n]ion  the  l»earera«ilk 
email  hars  of  iron  between,  being  spaced  about  one  inch  apart,  both  laterally  tfi 
vertically. 

Heating  was  continued  about  thirty-six  houra  with  ver^'  gradnal  progremion,  thi 
bars  attaining  a  full  red  heat.  The  furnace  was  then  eloaed,  and  every  opening latfl^ 
At  the  expiration  of  four  days  the  tempeniture  was  found  to  have  fallen  lieloirthi 
melting  point  of  tin,  but  apparently  not  much  below.  It  was  not  found  comtuiMl 
to  remove  the  bars  for  mon'  than  a  week  later,  the  furnace  having  atood  opea  iv 
some  days,  and  the  bars  having  become  (piite  cold. 

The  cold  rolling  of  rods  for  shnftini:^  and  other  purposes  has  bes 
extensively  i>raeticed  by  the  ]>resent  contractors,  and  they  wereiwob- 
ably  better  equipped  for  the  woik  than  any  other  firm  in  the  oonntiXi 
The  reduction,  however,  ut^nally  made  in  order  to  secure  a  hard  am 
perfectly  true  suifiiee  for  shaltin^r,  is  ver>'  slijrht  in  comparison  to  tW 
required  by  the  eoutrat^t,  an<l  j^rave  doubts  were  entertained  by  tte 
company  as  to  the  ])ossibility  of  reducing  the  cross-section  one-thiii 
without  injury  to  tbe  bars  as  well  as  to  the  rolls.  The  DepartBCiit 
theniore  assumed  the  expense  of  the  rolls,  which  had  to  bo  castqM^ 
iaily  for  tliis  wcuk. 

The  first  pair  of  rods  was  made  at  Jones  &  Langhliiis.  They  'PB* 
of  chilled  iron.  22  inches  outside  diameter  and  18  inches  in  lengtbiVith 
a  sin;ih»  trianguhir  groove  in  the  center.  The  angle  ot  the  groove  «• 
01<^  and  its  drpth  eoual  to  half  the  diagonal  of  the  finished  bar.  F( 
2  shows  the  <*ro>s  section  of  the  groove.  The  bottom  of  the  groo^'e  *• 
foinied  by  a  fiHet  struck  with  a  radius  of  0.17  inch. 
.  The  rolling  was  eoininenced  on  the  8th  of  December,  1884.    Thei^ 
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dnotion  was  made  as  rapidly  as  possible,  the  diagonal  of  the  short  bar 
[  was  compresssed  0.41  inch  in  10  breakdowns  or  24  passes.  Three 
'coupling  having  broken,  the  rate  of  rednctiou  was  reduced  to  (iO  break- 
downs or  120  passes  to  the  inch,  as  all  the  machinery  could  stand.  Six 
more  passes  were  made  when  the  lower  roll  broke,  the  line  of  fracture 
ooinciding  with  the  bottom  of  the  groove. 

On  examining  the  unbroken  roll,  it  was  found  that  the  sharp  feather 
edge  formed  on  the  corners  of  the  bar,  during  the  reduction,  had  cut 
deeply  into  the  bottom  of  the  groove,  and  the  roll  showing  further  con- 
siderable wear,  it  was  deemed  nece^saiy  for  the  continuance  of  the 
work  to  make  two  new  rolls.  The  failure  of  the  lower  roll  was  attrib- 
oted  mainly  to  the  formation  of  a  sharp  edge  on  the  corners  of  the  bar, 
which  cut  into  the  groove  at  the  bottom  line  and  acted  as  a  wedge  to 
Hplit  the  roll  open.  The  formation  of  this  cutting;  edge  was  favored  by 
the  depth  of  the  groove  which  increased  the  drag  of. the  bar  on  the 
bottom  of  the  groove  unnecessarily ;  by  the  comparatively  small  angle 
of  the  groove;  and  by  the  smallness  of  the  fillet  forming  the  bottom. 

To  remedy  these  defects  drawings  for  new  rolls  were  prepared  by 
Dr.  Woodbridge,  with  two  grooves  having  an  angle  of  93  degrees  and  a 
depth  considerably  less  than  that  of  the  grooves  in  the  first  rolls.  The 
fillet  at  the  bottom  of  the  grooves  was  made  as  large  as  possible,  being 
Btruck  with  a  radius  of  0.3  inch. 

Fig.  No.  1  shows  the  form  of  cross-section  of  these  grooves.  The 
decrease  in  the  depth  of  the  grooves,  and  the  change  in  their  position 
made  by  the  substitution  of  double  grooves  for  the  single  groove  added 
materially  to  the  strength  of  the  roll,  besides  increasing  the  lip  of  the 
roll  by  enabling  the  workmen  to  roll  alternately  in  each  groova  The 
increased  angle  and  the  large  fillet  at  the  bottom  of  the  groove  tended 
to  ]>revent  the  formation  of  a  cutting  edge  on  the  bar. 

The  new  rolls  were  also  made  by  Jones  &  Laughlins,  and  the  work 
of  cold  rolling  was  resumed  February  12,  1885. 

It  was  <lecided  to  reduce  the  bars  to  the  required  size,  3.43  inches 
square,  in  118  reducing  passes,  but  this  number  was  subsequently  re- 
duced  to  109. 

Five  bars  were  successfully  reduced,  the  two  grooves  being  used  al- 
ternately, when  the  upper  roll  cracked  in  two  along  the  bottom  of 
the  left-hand  groove.  IJp  to  withiu  one  or  two  passes  liefore  the  roll 
gave  way  there  were  no  indications  of  its  failure,  and  it  was  supposed 
to  be  fully  able  to  stand  the  work  required  of  it.  On  examining  the 
fracture  the  chill  was  found  to  extend  in  five  or  six  inches  from  the  cir- 
cumference all  around,  and  in  streaks  nearly  to  the  center. 

In  the  opinion  of  Dr.  Woodbridge  and  the  inspector,  the  roll  had  re- 
ceived too  great  a  chill  and  its  strength  ha<l  been  thereby  impaired. 
The  contractors,  however,  thought  the  fracture  showed  the  roll  to  be  a 
fair  one,  and  further  stated  that  it  was  impossible  to  regulate  with  ao- 
curaey  the  depth  of  chill. 

After  visiting,  in  company  with  Dr.  Woodbridge,  a  number  of  works 
in  Pittsburgh,  the  insi>ector  came  to  the  conclusion  that  Garrison  & 
Co.,  had  probably  the  most  expeiience  in  casting  chilled  rolls,  and  as 
they  agreed  to  guarantee  the  depth  of  chill,  which  was  placed  at  2 
inches,  the  depth  of  the  grooves  being  1^  inch,  a  new  roll  was  ordered 
from  them,  after  having  received  the  necessary  authority  from  the  Chief 
of  Ordnance. 

The  new  roll  was  ready  and  the  rolling  recommenced  on  April  22, 
1885. 
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The  bars  were  rolled  at  the  rate  of  two  a  day  and  the  operation  com* 
pleted  without  any  accident. 

The  rolls  stood  the  work  well  and  did  not  reqnire  redressing.  They 
appeared  to  be  perfectly  sound  and  capable  of  doing  considerable  fur- 
ther work  after  the  rolling  was  finished. 

The  rapidity  of  reduction  was  reduced  somewhat  so  as  to  be  on  the 
safe  side,  from  132  to  140  breakdowns  being  ased  to  reduce  each  bar 
instead  of  109  as  previously  adopted. 

Tbe  bars  were  afterwards  straightened  aud  shipped  to  the  commaud- 
ing  ofQcer  of  Watertowa  Arsenal. 
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Appendix    47. 


REPORT  OF  THE  MANUFACTURE  OF  STEEL  GUN-WIRE  AT  THE  TRENTON 
IRON  WORKS  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30,  1885. 

By  LiRUT.  William  M.  Medcalfe,  Ordnance  Department. 

Under  contract  of  June  30,  1884,  the  Trenton  Iron  Company  was]  re- 
quired to  convert  76,000  pounds  of  steel  into  wire  for  gun-construction. 
The  steel  was  furnished  by  the  Ordnance  Department  in  the  form  of 
billets,  2  inches  square,  and  weighing  about  80  pounds  each. 

These  billets  were  manufactured  by  the  Otis  Iron  and  Steel  Company. 
They  were  of  open-hearth  steel,  and  had  been  required  to  show  the 
following  properties:  Tenacity  per  square  inch,  not  less  than  70,000 
pounds;  ultimate  elongation,  not  less  than  30  per  cent.;  reduction  in 
area  of  cross-section,  60  per  cent.  (See  tests.  Appendix  30,  Eeport  of 
Chief  of  Ordnance,  1884.) 

In  the  form  of  wire  it  was  expected  that  the  tenacity  would  be  in- 
creased to  160,000  pounds  per  square  inch,  and  the  elastic  limit  raised 
from  about  40,000  pounds  to  110,000  pounds  per  square  inch,  sufficient 
ductility  being  retained  to  permit  the  wire  being  wrapped  around  itself 
without  fracture. 

Ten  specimens  taken  from  the  same  coil  and  tested  at  Watertown 
Arsenal  gave  the  following  results,  the  distance  between  measuring- 
points  being  10  inches: 


Number. 

Tenacity  per 
saaareinoh 
01    original 
section. 

Ultimate 
elongation. 

Bedaotion  in 
area     after 
ruptare. 

1 

Pounds. 

Per  cent. 

Percent. 

1 

178, 150 

2.1 

15.7 

2 

178, 330 

2.6 

15.7 

S     3 

178, 080 

2.0 

15.7 

!    4 

177, 960 

2.0 

18.1 

5 

178,  240 

2.2 

15.7 

6 

177,  780 

L4 

2L8 

7 

176,  850 

1.6 

9.2 

8 

176,  940 

2.4 

19.9 

i    ® 

173, 100 

2.3 

18.1 

'  10 

1 

171,  760 

2.0 

18.1 

The  elastic  limit  in  these  specimens  was  not  well  defined,  but  was 
probably  in  the  neighborhood  of  100,000  pounds.  (See  report  of  test 
hereto  appended.) 

To  obtain  these  qualities  it  was  considered  necessary  to  limit  the 
manufacturers  to  a  single  annealing,  applied  after  the  billets  had  been 
rolled  into  rods,  the  rods  being  then  drawn  without  further  annealing 
from  0'^6  to  0'M5  square  wire. 

This  required  ten  draughts,  and  as  four  or  five  is  the  largest  number 
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usually  made  bi'fore  returning]:  the  metal  to  the  annealer,  the  opentin 
wns  at  first  necessarily  somewhat  of  an  experiment. 

The  extreme  hardness  acquired  by  the  wire  afciT  several  dnin<;hti 
and  the  square  form  of  cross-section  combined  to  make  the  afttioQOi 
the  draw))late  very  severe,  and  for  some  time  it  waa  doubtful  if  tki 
ordins\ry  style  of  draw  ])late  could  bo  used. 

The  delivery  of  the  billets  was  not  completed  until  September  U, 
1884.  The  contract  required  the  completion  of  the  wire  six  inontta 
after  the  receipt  of  the  steel.  The  many  difficulties  cx|»erience<l.coa- 
biiied  with  the  inherent  slowness  of  the  operation,  prevented  tbeoo» 
pletion  of  the  work  in  the  time  specified.  The  time  allowed  wiih,  at  thi 
request  of  the  com[)anv,  ext^^nded  bv  the  Chief  of  Ordnance  to  Septea- 
berL'O,  1885. 

On  June  30,  1885,  nil  the  wire  was  under  way  in  the  various  Htsisn 
of  manufacture,  thoup^h  but  a  small  amount  had  been  finislieil— a  fMt 
partly  due  to  the  uncertainty  which  had  existed  as  to  the  best  inethol 
to  be  adopted  in  tinning. 

Th»*  stjite  of  ]»ro;;ress  at  that  time  was  as  follows:  10,700  ponmb 
finished  wire  tinned,  25,000  pounds  wire  complete  sis  to  drawing,  9,331 
pounds  wire  ])'artly  drawn,  18,700  ]>ounds  ^-inch  rods. 

The  openitions  throu<;h  which  the  billet  passes  in  its  transformatioi 
into  wire  are  :  heating,  rollin*^,  pointing,  annealing,  pickliu<v,  liine-OM(- 
in^,  baking,  lubricatinix,  drawing,  and  tinning. 

HEATING. 

The  furnaces  used  for  heating  the  billets  arc  low  reverberatory  ooal- 
furiiiices,  and  the  loss  of  weight  due  to  oxidation  is  considerable. 

The  average  loss  for  cast  steel  is  about  4.5  per  cent.  The  billets  !•- 
nmin  in  the  lurnace  about  an  hour,  the  blast  lieing  kept  up  until  llM|f 
have  acquired  a  full  heat.  In  the  case  of  twenty  billets  which  w«l» 
rolled  sei)inately  for  experimental  juirposes,  the  furnace,  which  lial 
previously  been  used  for  heating  iron,  was  quite  hot  when  the  steel  wu 
put  in  ;  the  blast  wusonly  re<]uired  for  a  short  time;  andtheDumbrrof 
billets  being  small  they  were  promptly  removed  from  the  furnace  after 
reaching  a  full  heat.  The  loss  in  weight  was  only  one-half  that  umkuBj 
met  with. 

Each  billet  was  carefully  weighe<l  before  being  placed  in  the  fornafl^ 
and  again  after  rolling.  The  average  loss  of  weight  for  the  tweafy  lA 
lets  was  2.47  per  cent.  A  full  yellow  heat  was  acquired  iu  2G  niiiiaM 
the  longest  period  that  any  billet  remained  in  the  furnace  beioxfl 
minutes. 

While  the  additional  loss  of  weight  usually  experienceil  in  beatiiV   j 
and  rolling  large  numbers  of  billets  may  not  be  of  great  iniporUMik 
the  length  of  time  that  the  billets  are  exposed  to  a  full  heat  awltkl 
total  time  they  remain  in  the  furnace  must  largely  determine  tlM4tf^ 
ilies  which  the  metal  will  show  when  drawn  into  wire. 

As  will  hereafter  be  noted,  a  large  number  of  the  coils  have  failed  I* 
stand  the  sneeessive  diaughts,  and  have  broken  in  the  drav-pM 
This  is  ])iobal»ly  tlue  to  a  variety  of  causes,  but  overheating;,  eidirrii 
the  ingot  or  billet,  more  probably  in  the  latter,  has  beeu  respoMiUl 
for  some  of  the  loss. 

Occasional  pieces  ]iass  successfully  through  all  the  ten  dranghtRpUl 
are  really  woithless  for  gun  wire  on  account  of  brittleneaa.  SaiAi 
piece  can  be  taken  in  the  hands  and  easily  snapped  in  two,  wliilAftii^ 
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feet  piece  of  wire  will  wind  around  itself  without  showing  any  tendency 
to  fracture. 

It  is  to  be  regretted  that  the  experiments  on  the  twenty  billets  men- 
tioned above  was  unavoidably  delayed  until  all  the  others  had  been 
rolled,  as  the  experience  gained  would  have  been  valuable  in  regu- 
lating the  operations  in  the  he<iting  furnace.  In  future  I  think  the 
billets  should  be  heated  in  small  lots,  so  that  they  may  be  removed 
promptl^^  after  acquiring  a  full  heat,  and  to  enable  tliem  to  be  more 
closely  watched  during  the  operation,  thus  diminishing  the  danger  of 
individual  billets  being  burnt  or  unevenly  heated.  The  furnace  should 
be  quite  hot  when  charged,  so  as  not  to  require  the  blast  to  be  left  on 
for  more  than  fifteen  minutes,  thus  diminishing  the  loss,  and  also  the 
liability  of  overheating. 

ROLLING. 

When  the  billets  have  acquired  a  full  yellow  to  near  white  heat,  they 
are  traupferred  one  by  one  to  the  rolls,  which  stand  in  the  immediate 
vicinity  of  the  heating-furnaces. 

The  2inch  square  billet  is  reduced  to  a  Jinch  square  rod  in  nine 
passes,  the  total  time  of  i)assing  through  the  train  of  nine  rolls  being 
only  IJ  minutes.  In  this  time  the  metal  has  cooled  from  a  bright 
j'ellow  to  a  bright  red.  On  issuing  from  the  rolls  the  rods  are  at  once 
coiled  on  reels,  weighed,  and  then  thrown  on  the  floor  to  cool. 

POINTING. 

The  rods  are  next  pointed  to  facilitate  their  entrance  into  the  holes 
of  the  draw-plate.  Tliis  is  done  by  hand.  The  ends  are  heated  in  a 
blacksmith's  fire  to  a  cherry  red,  and  hammered  out  into  long  ta[)ering 
points,  five  or  six  inches  in  length,  defective  ends  being  cut  off.  The 
pointing  is  done  before  annealing,  to  avoid  destroying  the  softness  and 
ductility  of  the  ends,  which  would  cause  them  to  break  off  near  the 
holder. 

ANNEALING. 

As  the  coils  receive  but  one  annealing  the  raanufacturerla  have  en- 
deavored to  make  it  as  thorough  as  possible,  the  operation  lasting 
nearly  twice  as  long  as  for  ordinary  commercial  wire. 

The  annealing  pots  and  furnaces  are  sunk  below  the  level  of  the  floor 
of  the  annealing  room.  The  pots  are  three  feet  in  diameter  and  six 
feet  in  depth,  and  are  made  air-tight.  Soft  coal  is  the  fuel  nsed.  The 
rods  and  wire  are  charged  cold,  and  the  pots  closed  with  covers  which 
are  luted  with  clay,  to  i)revent  the  entrance  of  air.  The  oxidation  is, 
however,  considerable,  and  when  removed  they  are  covered  with  a  thick 
scale  which  has  to  be  removed  by  the  subsequent  operation  of  pickling. 

From  seven  to  eight  hours  is  required  to  heat  the  rods  slowly  up  to 
a  cherry  heat,  the  ])rogress  of  the  operation  being  watched  by  the  work- 
men through  peep  holes  near  the  base  of  the  annealer.  After  a  proper 
heat  has  been  acquired  the  fires  are  raked  out  and  the  rods  left  to  cool 
in  the  annealers. 

The  annealing  was  generally  done  on  Saturday,  and  the  coils  were 
not  removed  until  Monday  morning,  the  whole  operation  thus  taking 
forty-eight  hours. 

The  twenty  selected  billets,  which  were  annealed  separately,  required 
seven  hours  to  get  a  full  heat,  anil  were  left  to  cool  in  the  pots  twenty- 
two  hours.  On  being  taken  out  they  were  still  hot  enough  to  blaze  a 
piece  of  pine  wood,  or  at  a  temj)erature  estimated  to  be  about  050^  F. 
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The  importaut  points  to  be  observed  in  annealfug  are:  that  the  rods 
be  heated  up  to  the  proper  temperature  gradually,  so  that  all  parts  maj 
acquire  a  uuiform  heat ;  the  temperature  throughout  the  annealer  dioiiM 
be  the  same;  air  should  be  excluded  as  far  as  possible  to  prevent  oxuli- 
tion ;  the  cooliug  should  be  conducted  very  slowly  to  insure  softncM 
and  ductility. 

The  temperature  of  the  anuealer  was  determined  at  one  time  br 
means  of  heat-tests,  cylinders  of  an  alloy  of  copper  and  tin  in  dUfereat 
proportions,  prepared  b3'  Dr.  Woo<lbridge.  These  tests  were  examiiwd 
after  the  annealer  was  opened,  and  showed  that  the  upper  portico  vl 
the  pot  was  considenibly  hotter  than  the  lower,  the  maximum  tempen- 
ture  being  in  the  neighborhooil  of  1,800^  F. 

PICKLING. 

The  rods  when  cool  are  cleaned  in  a  pickle  of  dilate  sulphuric  adi 
Fifteen  coils  are  strung  on  a  wooden  reel  and  lowered  into  the  pU- 
ling  tub  at  a  time.  The  latter  is  made  of  wood  and  holds  aboac  381 
gallons  of  the  mixture.  The  bath  varies  in  strength  according  to  tke 
length  of  time  it  has  been  in  use.  Fresh  acid  is  added  from  timett 
time  by  the  workmen,  as  their  judgment  dictates. 

A  newly.prepared  bath  contains!  part  by  weight  of  oil  of  vitridtD 
30.Gi)  parts  of  water.  It  is  heated  up  to  about  110°  F.  l>efore  int^odo^ 
ing  the  coils.  The  time  of  immersion  of  course  varies  with  the  thin- 
ness of  the  scale  to  be  removed  and  the  strength  of  the  mixture,  h 
cases  observed  it  varied  from  40  to  50  minutes.  The  reel  is  lifted  oit 
from  time  to  time,  the  coils  played  upon  by  a  hose,  and  the  progress  of 
the  operation  observed.  When  all  the  oxide  has  l^een  removed  tbey 
are  thoroughly  washed  and  left  to  soak  for  a  short  time  on  the  floor,  89 
as  to  acquire  what  is  calletl  a  water-coat,  which  is  supposed  to  incmw 
the  adherence  of  the  lime-coating  next  to  be  applied. 

LIME-COATING  AND  BAEIMa. 

To  prevent  the  ro<ls  from  rusting  during  the  succeeding  opentioM 
they  are  coated  with  lime.  The  mixture  consists  of  two  parts  rye-lotf 
lees  and  one  part  milk  of  lime.  The  lees  is  prepared  by  stirring  twoir 
three  pounds  of  rye-flour  in  a  biirrel  of  water.  The  coils  are  dipped  n 
the  lime-coating  mixture  and  then  taken  to  the  baking  oven.  TUiii 
simply  a  large  drying  oven  which  when  filled  is  closed  and  raised  lot 
tem])erature  of  about  050^  F.  The  coils  generally  remain  in  oiv 
night,  about  tifteen  hours. 

The  loss  in  weight  due  to  pickling  varies  from  a  few  tenths  of  a  poai 
to  over  a  ])ound,  averaging  for  80-pound  billets  a  little  over  }  apouL 
So  that,  taking  the  usual  loss  of  4.68  per  cent,  in  rolling  and  O.60ptf 
cent,  in  pickling,  an  80-pound  billet  when  it  comes  to  the  drawing-bmk 
in  the  form  of  a  coil  weighs  but  75.8  pounds.  The  loss,  thereftie|ii 
75,000  ]>ound8,  the  amount  furnished  the  contractors,  would  beftiB 
these  causes  alone  3,060  pounds. 

The  coils  are  lime-coated  after  each  draught  and  placed  over  the  af 
nealers  to  dry.  After  the  second  draught  a  light  coating  of  copper>> 
de])osited  on  the  wire,  to  improve  the  smoothness  of  its  sur£M9e  and  k" 
cilitate  drawing.  For  this  puri>ose  the  coils  are  immersed  in  a  solotto 
of  sul])hate  of  copper,  with  a  slight  excess  of  acid,  and  lie  theraa  u|^ 
sufficient  co])per  has  been  deposited  to  give  a  satisfactory  coat 
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time  required  varies  with  the  size  of  the  wire,  from  about  oiie-balf  an 
hour  after  tlie  secoud  drtiugbt  to  &vo  or  six  minutes  after  the  ninth 
dranght. 

DRAWING. 

The  J-inch  rods  are  reduced  to  square  wire,  0.15  inch  on  the  side,  in 
ten  dranghts,  the  comers  being  rounded  with  a  radius  of  0.01  inch.  The 
ends  of  the  wire  are  reversed  at  each  successive  draught.  The  bend 
of  the  wire  in  coiling  is  required,  by  the  tarroa  of  the  contract,  tti  con- 
form to  a  cylindrical  surface,  or  the  rectangular  cross-section  of  the  wire 
to  be  either  parallel  to  or  at  right  angles  with  the  axis  of  the  cyUuder 
on  which  it  is  wound.  This  was  necessary  to  prevent  the  wire  receiv- 
ing a  twist  as  it  issued  from  the  draw-plate. 

To  meet  this  condition  the  drum,  which  was  35g  inches  in  diameter, 
was  pta<«d  in  front  of  a  stand,  upon  which  the  draw-plat«  traveled,  in 
a  direction  parallel  to  the  axis  of  the  drum.  The  plate  was  held  and 
wedged  between  the  upright  arms  of  a  carrier,  which  was  given  the  re- 
quired motion  by  an  endless  screw,  sitaated  in  the  stand  beneath,  and 
driven  at  stich  a  rate  that  the  successive  turns  of  wire  lay  close  together 
on  the  drum,  A  smHll  engine  near  the  block  moved  both  the  drnm 
and  carrier.  The  speed  of  revolution  of  the  drum  was  regulated  by  the 
throttle  valve  of  the  engine. 

The  speed  of  draught  varies  with  the  size  of  the  wire,  the  surface  of 
the  drum  traveling  about  0.250  of  a  foot  i>er  second  during  the  first 
draught  and  0,450  of  a  foot  per  second  during  the  tenth.  The  speed, 
however,  is  liable  to  vary  considerably  in  any  one  draught,  owing  to 

ttbe  manner  in  which  it  is  regulated. 
[   The  approximate  time  required  to  draw  an  80-pouud  coil  through  the 
Bifierent  boles  is  as  follows : 
>^  MluntM. 

SiTBt  hole 8 

Seoond  hole .. 11 

Third  hole 13 

Fourth  hole lb 

Fifth  hole la 

Bixlb  hole 25 

Scveutli  bole 29 

Bightb  hole 30 

Niuth  hole 36 

Tenth  bolo 45 


The  s]>eed  of  draught  cannot  be  increased  beyond  a  certain  point  for 
each  hole  without  endangering  the  success  of  the  operation. 

The  draw-plates  used  for  the  present  work  are  of  the  so-called  meteor 
iteel,and  have  all  been  obtained  from  Eugland.  The  secret  of  their 
manufacture  is  jealously  guarded,  and  so  far  they  have  not  been  suc- 
cessfully duplicated  in  this  country.  The  work  that  a  plate  is  called 
npon  lo  perform,  where  the  wire  is  to  be  drawn  without  annealing  as 
many  times  as  required  under  the  present  contract,  is  very  great,  and 
the  tendency  of  the  hole  to  open  is  only  counteracted  by  using  the 
biirdest  and  most  unyielding  plates.  They  are  made  of  crucible  steel. 
Horway  iron  scrap  is  used,  this  being  melted  with  coke. 
TlThe  plates  are  of  the  shape  shown  in  the  tlgure.  They  are  12  inches 
long  by  5  broad,  and  are  IJ  inches 
thick.  A  separate  plate  is  used  for  each 
size  or  draught.  The  draw-holes  are 
pricked  with  a  punch  and  hammer  by 
the  workman  drawing  the  wire.  They 
open  with  a  bell -month  at  the  outside 


e  of  the  plate,  hut  are  straight  auil  square  through  the  inner  half  ai 
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tbe  ])1ate's  thickness.  Tbe  oper<ition  of  prickin;;  is  a  delicate  one  aad 
requires  considerable  skill.  Tbe  bole  must  be  kept  to  tbe  e!Uict  m 
and  its  Willis  firm.  Tbe  sli<^btest  inaccuracy  iu  striking^  tbe  pouch 
causes  it  to  break  ofif  in  tbe  bole.  To  make  tbe  metal  about  the  bob 
unyielding,  tbe  plate  is  bammered  up  witb  a  sbarpfaced  liamner 
during  tbe  operation  of  prickin;;^.  It  is  laid  flat,  with  its  inner  Cm 
(where  the  wire  emerges)  ui>permost,  anil  bammered  smartly  all  aroaid 
tbe  holes.  This  compresses  and  spreads  tbe  surrounding  metal.  B/ 
alternately  bammerin^  and  pricking,  tbe  bole  is  brought  to  the  requirad 
size. 

Tlie  pnncbes  used  are  tbe  private  proi>erty  of  the  workmen  and  an 
not  ground  to  any  standard,  though  a  taper  of  one  iu  five  is  aimed  at. 

The  size  of  the  boles  for  the  different  draughts,  as  laid  down  by  Dr. 
Woodbridge,  are  as  follows : 


NiimWrof 
Urauj;ht. 


Lencth  of 
Hide  of 
Bquan*. 


RfHliiction  I 
of  ftiie. 


I 


Inchfs.  Inehts. 

1 o.4.v)o  aorioo 

2 0.:{!HU  0.  U3l7 

3 0.:UOl  ■  0.0472 

4 0.:iiiT4  ;  0.(>4I7 

5 0. 27UH  V.  03GG 

6 0.  sASTi  a  o;t23 

7    ....  o.'JU'i  0.0-JH4 

8 0  IWO  0.<»2:»l 

9 0.  IIKIO  .  0.«i-JlN> 

10 0. 15iH)  .  0.0130 


The  sixth  and  seventh  draughts  are  considered  by  the  workmen  to 
be  the  most  severe,  and  the  ones  during  which  tbe  wire  is  most  likdf 
to  break. 

At  this  stage  the  wire  has  become  very  hard  and  nnyielding^  Ih 
metnl  has  been  considerably  fatigued,  and  its  ductility  impaired.  Ikl 
loss  due  to  breaks  would  in  all  pri>bability  be  diminished  by  givioirtti 
wire  a  light  annealing  after  the  lit'th  hole,  which  would  restore  tbenffiL 
To  ascertain  the  change  in  physical  properties  which  this  additiuMJ 
annealing  would  occasion,  one  coil  wiis  lightly  anuealed  l^etween  ttl 
fifth  and  sixth  drau^^hts,  and  a  specimen  taken  from  the  fiiiisbcd  viM 
was  sent  to  Watertown  Arsenal  for  test.  Five  specimens,  lOindieiii 
length  between  shoulders,  gave  tbe  following  results: 


Tonncity  p«r  ■  ' 

si|ii;ie  inch  .   UUimnfe 
of  onuiual    '  elougatioD.  > 
secUuu.      I  I 


I 


Pounds. 

'  I :         i:K7no 

•J i:iO.MO 

'  :J  131,510 

4  i:m.o5o 

I  5 130,930 


Pereent. 
2.3 
0.33 
1.2 
2.3 
0.8 


RKlaotton 

of  area  al 

rupture. 


Psrctnt. 
3X1 
40.4 
30.7 
30.7 
38.3 


The  tenacity,  though  still  high,  b:vs  fallen  off  about  43,000  pw''* 
per  square  inch  as  cnm]>ared  with  that  obtained  from  a  piece  dlsA 
without  the  additional  annealing,  while  the  reduction  of  weft  it  '  ^ 
doubled. 
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The  nltimate  elongation  appears  to  have  been  but  little  affected. 

After  receiving  ten  holes,  the  length  of  a  full  coil  weighing  7G  pounds 
B  1,000  feet. 

The  wire-drawers,  in  adjusting  the  plate,  give  it  a  slight  cont  to  the 
rear,  for  the  purpose,  as  they  ex])ress  it,  of  killing  the  wire,  that  is, 
taking  from  it  the  tendency  to  spring  out  into  a  large  coil,  which  would 
become  unmanageable  when  removed  from  the  drum. 

The  angle  made  by  the  plate  with  a  vertical  plane  was  measured 
during  the  drawing  of  some  selected  billets,  and  was  found  to  vary 
from  20  to  8^.  Dr.  Woodbridge  objected  to  the  bend  which  this  method 
put  in  the  wire  while  it  was  passing  through  the  drawi)late,  because  it 
tended  to  extend  the  metal  unequally  on  the  n])per  and  lower  faces  of 
the  wire.  To  test  the  necessity  of  introducing  this  bend,  two  coils  were, 
at  his  suggestion,  drawn  without  any  cant  being  given  the  plate.  These 
coils,  when  removed  from  the  drum  and  allowed  to  freely  expand, 
showed  a  diameter  only  slightly  greater  than  that  of  coils  which  had 
been  drawn  with  the  plate  inclined. 

LUBRICATING. 

The  lubricant  used  is  a  matter  of  great  importance,  and  materially 
afiects  the  success  of  the  operation.  Two  methods  have  been  emi)loyed 
in  the  present  work.  The  wet  process:  In  this  the  coils,  just  tiefore 
passing  to  the  drawing-block,  are  immersed  in  the  copper-coaling  mix- 
ture, consisting  of  sulphate  of  copper  in  solution,  with  a  certain  ])r()por- 
tion  of  rye-dour  lees.  As  the  coil  hangs  on  the  reel  from  which  it  is 
fed  to  the  block,  it  turns  in  a  trongh  containing  the  same  mixture  and 
passes  to  the  plate  in  a  wet  condition.  The  c<»pi)er  coating  here  acts  as 
lubricant,  and  prevents  "  cold  welding,"  or  adherence  of  the  wire  to  the 
walls  of  the  hole. 

As  this  method  was  found  not  to  give  entire  satisfaction,  a  modifica- 
tion was  proposed  by  Dr.  Woodbridge,  and  given  a  trial.  The  trongh 
into  which  the  coil  dipped  when  placed  on  the  reel  was  filled  with  a 
compound  of  glucose  and  lime-water.  The  results  were  not  enconrag- 
ing,  and  the  wet  process  was  finally  abandoned  in  favor  of  the  dry. 

In  this  process  the  coils,  having  first  received  a  light  coating  of  cop- 
per by  l»eing  immersed  in  the  coppering  soluiion,  are  placed  on  the  reel 
dry.  Mutton  tallow  is  used  to  lubricate  the  wire  as  it  passes  into  the 
hole.  The  workman  stands,  knife  in  hand,  and  keeps  the  wire  well 
surrounded  with  the  lubricant.    This  method  has  worked  well. 

According  to  the  terms  of  the  contract  the  allowed  variation  in  di- 
mensions of  the  finished  wire  before  tinning  was  ztO.'^OOl.  In  the 
first  lot  gauged  19  pieces,  weighing  about  800  ])ounds,  were  found  in 
which  the  variations  exceeded  that  allowed.  This  generally  occurred 
at  but  one  end  of  the  piece,  and  as  a  rule  did  not  exceed  ±o/'0015,  but 
in  some  instances  approached  0.''002.  As  it  appeared  that  the  wire- 
drawers  were  unable  to  improve  on  this  degree  of  accuracy,  and  as  a 
rigid  adherence  to  the  contract  in  this  matter  would  require  the  rejec- 
tion of  a  large  quantity  of  good  wire,  the  allowed  variation  was,  011  the 
recommendatiini  of  the  inspector,  increased  to  ±0/'002.  Up  to  the 
present  time  only  two  pieces  have  been  found  in  which  the  variation 
exceeded  the  latter  limit. 

BREAKS. 

The  loss  due  to  failure  of  the  wire  to  pass  successfully  through  the 
ten  draughts  has  been  large.  The  scrap  and  defective  wire  will  make 
up  fully  10  per  cent,  of  the  total  weight  of  the  coils  after  rolliug. 
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When  it  is  considered  that  the  steel  foruished  the  contracton  vii 
very  carefully  selected,  and  that  it  is  pronounced  by  them  to  be  as  good 
stock  as  they  have  ever  worked,  this  high  percentage  of  waste  is  reourk- 
able. 

^A  variety  of  causes,  which  will  be  noted  below,  have  probably  oo«- 
tributed  to  produce  this  result,  but  I  think  it  may  be  ascribed  primwily 
to  the  nature  of  the  operations  through  which  the  metal  is  reqaired  to 
pass  during  its  transformation  into  wire.  Ten  draughts  without  annctl- 
ing  is  a  great  deal  for  the  best  of  metal  to  be  called  upon  to  stand,  aad 
although  many  pieces  even  after  this  show  sufficient  extensibility  to  be 
coiled  about  themselves  without  breaking,  many  others  will  not  bear 
anything  like  this  amount  of  extension.  Now,  though  overheating  the 
billet  would  produce  brittleness,  it  cannot,  I  think,  be  charged  witilO^ 
casioning  all  the  trouble.  The  fact  seems  to  be  that  we  are  workiii{ 
the  metal  right  up  to  the  limit  that  it  will  stand,  and  any  little  iii^- 
larity  in  the  operation,  which  in  ordinary  drawings  would  be  of  oomO 
consequence,  occasions  disastrous  results. 

The  scrap  consists  of  short  pieces  which  have  broken  off  in  drawing, 
and  which  weigh  less  than  twenty  pounds,  and  certain  long  pieeei 
which  have  either  broken  repeatedly  or  shown  other  defects,  soehai 
notching  on  the  corners,  which  render  further  drawing  unadTisaUe. 

The  defective  pieces  of  wire  may  be  classed  under  four  heads: 

1.  Those  which  x)ull  down  in  the  draw-plate  without  breaking^  bil 
afterwards  show  an  almost  total  lack  of  flexibility.  Such  a  piece  on 
be  easily  broken  in  the  hands.  Here  the  metal  has  probably  been  cm* 
heated  or  burnt  while  still  in  the  billet. 

2.  Pieces  which  are  jointy  or  notched  along  the  comers.  This  WM^ 
be  occasioned  either  by  overheating  or  a  defect  in  the  walls  of  thehok 

3.  Pieces  which  have  parted  in  drawing,  giving  an  irregular  fraetan; 
and 

4.  Those  which  on  breaking  show  a  ^^pipey"  structure.  The  oaaseBsf  ' 
the  last  two  classes  of  fracture  have  not  been  satisfactorily  determiiMi 
The  pipey  structure  shown  in  many  cases  would  seem  to  indicate  tttf 
something  in  the  nature  of  the  metal  itself  determined  the  break,  b- 
deed,  the  wire-drawers  claimed  to  be  perfectly  familiar  with  theorigii 
of  the  tiouble,  assigning  it  to  an  excess  of  silicon  in  the  steeL  To  letth 
this,  specimens  illustrating  the  different  kinds  of  breaks,  as  weOvi 
piece  of  good  wire,  were  sent  on  to  Watertown  Arsenal,  and  anabirf 
by  Captain  Pitman,  Ordnance  Department.  The  results  of  the  samjit 
were  puzzling,  and  hardly  led  to  any  conclusion  as  to  the  cause,  thou 
they  appeared  to  dispose  of  the  theory  that  excess  of  silicon  WM  v 
trouble,  since  the  piece  which  was  piped  contained  the  least  peroeiM* 
of  silicon  of  any  examined. 

In  these  analyses  pieces  of  five  or  six  inches  in  length  were  U86d|ii' 
it  is  possible  that  diii'erences  in  the  composition  of  the  steel,  eiMoBg^ 
the  immediate  point  of  fracture,  might  have  been  lost  sight  of  hi  tki 
general  result  obtained  from  the  whole  piece.  If  minute  qnaotttiM^ 
filings,  taken  from  the  fractured  surfaces  both  at  the  center  and  otSfH^ 
of  the  wire,  could  be  examined,  the  variations  in  composition  mi^kfr 
come  apparent. 

At  the  present  time  the  origin  of  the  breaks  can  in  many  oaioiorir 
l>e  conjectured.  The  following  causes  may  be  mentioned  as  maWidlf 
influencing  the  amount  of  loss: 

(1)  Character  of  the  metal.  Experience  sofitf  gained  goestoih^ 
that  the  softer  billets  stand  the  operation  better  (ban  the  reMMf 
harder  ones.    Probably  in  future  lots  of  steel  fbmished  tat  rnhtiUM' 


inff. 
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0  per  cent,  contractioa  of  area  bad  betler  be  reqnired  ioHteail  of 

50  per  eeut.,  n*  in  the  |>i'e»eiit  citKe,  even  at  tUe  exi>en8e  of  a  aacribue  id 

tbe  reriMcity  of  llie  steel  in  the  billet  fi)rm. 
(2)  Degree,  leiifitli.  ami  uiiiforniil.v  of  beating  secured  by  tlie  billets, 
(J)  I^Atiin)  of  tlie  draw-|iUte!<  used ;  accuracy  aud  siiiootlinesH  of  tlie 

boh).     ITiidouhtedly  a  uumber  of  bre^iks  may  be  dlreetly  ctinrged  to 

some  defect  in  the  plate. 

1(4)  Kmd  of  hibrii-iint  ii^ed.     According  to  tbe  statement  of  tlie  work- 
leti  tbe  lusM  was  greuter  duritii;  tbe  continuance  of  tbe  wet  process 
}aQ  it  has  beeu  t<iuce  tallow  btis  beeu  tbe  lubricant  employed. 
TINNING. 
Tbe  wire  is  required  to  be  tinned  and  wiped  in  the  most  perfect  nian- 
er;  and  to  prevent  any  alteration  iti  tbe  pro[iertieft  of  tbe  metal  (liinnj; 
the  o]>eralioti,  t  be  lemperutnreof  tbe  tiniiiut!  balli  is  kepi  down  to  600°  F. 
ExperiuieuiB  were  iiudei-takeu  to  determine  the  best  metbod  of  tin- 
ninp.     Tbree  plans  were  tried. 

(1)  Tinning  an  a  final  o|>eration,  after  tbe  drawing  bad  been  oom- 
plete<I }  (2)  tinning  after  the  nintb  bole  waa  pa.'uted,  ibe  wire  receiving 
the  tenth  and  last  bole  after  tbe  eoaliugof  tin  wa^j  applied;  ^3)  tiuuiug 
after  the  eighth  bole. 

•  A  good  uoating  was  obtained  by  each  of  these  metbods,  that  in  which 
Hie  coat  was  given  alter  the  ninth  bole  appearing  the  beut.    The  ob- 
tctjon  to  tinning  aa  a  final  operation  was  mainly  the  difficulty  experi- 
_^»«d  in  pei-feetly  wiping  the  wire.    Tbe  asiieslus  cloth  used  fur  this 
"purjioRe  was  apt  to  be  worn  ;iway  by  the  sharp  corners  of  tbe  wire,  and 
on  tbe  last  portiims  of  a  long  coit  the  tin  was  sometimes  found  cliitled 
ill  sjwtH  on  tiie  sides  and  edges.     It  wu,s  thought  that  when  the  wire  re- 
ceived a  bole  after  tinning,  the  coat  was  not  only  more  evenly  distrib- 
•     uted,  but  also  more  firmly  united  to  tbe  steel  lieneath.    To  Hetllu  the 
question  specimens  were  prepared  illustrating  the  three  niethmls,  and 
sent  by  direction  of  tbe  Chief  of  Ordnance  to  Watertuwu  Arsenal  fur 
^^^1  !i  m  i  na  t  ion . 

^^L^Tbe  tests  were  miide  by  Oaptain  Pitman,  OrdDEine«  Departtnent,  and 

^^pad  I'or  their  objeut  the  determination  of  tbe  relativu  tbiclcm-ss  and 

^Hprenneos  of  diiitribntiun  of  tbe  cuatint;  in  the  three  c;i.ses.     The  ri'sulta 

^^^howed  a  elijiht  advantage  in  favor  of  the  Cdiiling  applied  after  tbe 

ninth  hole.     Subm-queiil   exjieriirK-nt!!  (.■(Hidiiclcd  l>y   I>r.   Wcimit.riiitre 

to  determine  tbe  (wnnparalive  wcldabllji^  of  Uie  tiiiiiid  win-  Ird  to  the 

adoption,  however,  of  the  method  in  wbit^h  the  tin  was  applied  afler  the 

completion  of  the  drawing. 

A  special  jilant  was  put  up  for  tinning  this  wire,  but  afterwards 
abandomHl  for  tlie  regular  plant  used  forordinary  commercial  wire.  In 
tbe  plant  first  used  the  wire, on  emerging  frnin  the  t inning-bath,  passed 
tbmugh  the  wiper  and  into  a  metal  pipe  through  which  a  blast  nt'  cold 
air  Wiis  forced  to  cool  tbe  coaliuu.  The  drum  on  which  the  wire  was 
coiled  was  given  a  motion  perpendicular  to  tbe  wire,  of  panillel  to  its 
axis,  the  wire  passing  ibnmgh  two  liorizontitlly  placed  grooved  rollers. 
jnMl,  before  reaching  the  drum,  tu  keep  it  from  twisting ;  tbe  oliject  of 
osiog  tbe  air  blast  instead  of  a  water  balh  for  cooling  beiug  to  obvi- 
ate tbe  necessity  of  bending  the  wire  daring  tlie  0|>eration. 

One  objection  to  this  arrangement  was,  tbatowing  totbuoonsiderable 

distance  lietween  the  wi|M-r  anil  drum,  necessitated  Liy  tbe  cold  air  pijie, 

a  large  pteee  lit  tbe  end  of  each  coil  wu«  not  tinned.    One  end  bad  to  be 

attached  firmly  to  Ibe  drum  and  passed  through  the  rollers  before  tbe 
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tinTiin<r  commenced.  A  leader  conld  not  be  used,  as  tbe  joint  made  br 
fjisteninjr  it  to  the  wire  would  he  caufrlit  as  it  passed  the  ^uide  rollers^ 
To  oj)en  the  rollers  mouientarily  as  the  joint  approached  them  woald 
render  the  wire  liable  to  be  cauj^ht  conierwise  and  twistenl  as«  it  parsed 
to  the  drum,  and  when  once  started  on  its  way  throuji^h  the  tinning;  Imth 
a  coil  cannot  be  stopped,  even  for  a  moment,  without  causing:  the  tin  to 
chill  at  the  wi])er  and  form  a  lump  on  the  wire. 

Another  and  still  more  serious  objection  was  the  inefficiency  of  the 
air  blast  in  coolinji:  and  hardening;  the  coating.  When  the  wire  reachiHi 
the  drum  the  tin  was  still  soft,  and  was  found  to  have  nibbetl  off  in 
spots. 

The  cold  air  method  of  coolinp:  was  therefore  abandoned  in  favor  of 
the  ordinar^\  method,  in  whieh  the  wire  runs  through  a  waiter  tnni^h. 

The  ]>lant  was  that  ordinarily  used,  exeept  that  a  large  drum,  30 
inches  in  diameter,  was  made  f(»r  cooling  the  wire. 

The  only  objeetion  to  this  change  of  ])lant  was  the  posaiblp  one  of 
the  wiie  leceiving  a  cant  or  twist  during  the  operation.  This  wa* 
found,  however,  not  to  be  the  case,  the  tension  being  too  liglit  to  have 
any  permanent  ett'eet.  S<»me  of  the  eoils  have  a  slight  cant,  hut  this 
has  been  eaused  by  o]»erat  ions  undergone  before  tiuning,  ]>n)hal>ly  moitt 
often  to  want  of  perfect  parallelisui  of  the  walls  of  the  bole  in  thednv- 
plate. 

The  operation  as  now  ]>erformed  is  as  follows:  The  coil,  first  soaked 
in  a  dilute  solution  of  hxdroehlorie  acid,  wliieh  has  been  killiHl  or  |Kir- 
tially  iieutralizt'd  by  lead,  is  place  I  on  a  woinlen  reel,  fnini  which  it  it 
fed.     After  going  through  a  wiping  eloth.  k(*pt  saturated  with  the  arid 
niixturt*,  it  l)ends  down  and  ]>asses  through  the  bath   of  molten  tin. 
The  tub  is  built  of  biiek,  with  the  furnace  beneath  the  hath.     The  tfin- 
perature  of  the  melted  metal  is  retrnlated  S4)  that  a  soft  pine  stick  vill 
just  smoldiT  in  it.  or  at  about  o'O-  F.     On  eniergiug  fnuu  the  Iwth  it 
goes  throuyfh  a   guide-]»late.  where  it  is  wiped  by  a  n>pe  of  aslie«tii8 
tiber  wound  tightly  around  it.     It  next  enters  the  c<H)ling-tnuigh,  whirk 
is  tilled  with  castile  soap  and  water;  it  is  wiped  with  eotton  wa«teoi 
C(»miuj  out,  and  wound  on  the  drum. 

The  coils  always  reeeive  two  coats,  sometimes  three,  and  morerarriy 
four  coats  are  required  to  give  a  jH^rfect  coating.  Any  8|M>ts  of  rnntoi 
the  wire  before  tinning  greatly  inci*ease  the  difficulty  of  the  operatioi* 
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A-PPENDIX  48. 


PROGRESS  REPORT  ON  THE  S-INCFT  YATES  BREECH-LOADING  RIFLE. 
BY  THE  BOARD  FOR  TESTING  RIFLED  CANNON,  APPOINTED  UNDER 
ACT  OF  JULY  bylS8i. 

This  gun  was  transferred  to  the  '*  Board  for  Testing  Rifled  Cannon, 
&c.,"  for  tfst,  by  instructions  from  the  Chief  of  Ordnance,  U.  S.  A., 
dated  February  3,  1885. 

The  gun  is  converted  frora  a  10-inch  Rodman  smooth-bore  gun, 
lengthened  2  feet  by  means  of  a  cast  iron  extension  piece,  and  lined 
with  a  Nashua  steel  tube.  The  Board  is  not  in  possession  of  any  data 
relating  to  the  physical  properties  of  the  tube  or  breech  clami>s.  For 
detailed  description  of  gun,  dimensions,  &c.,  the  Board  would  respect- 
fully refer  to  the  construction  rej)ort  of  the  8-inch  Yates  rifle,  made  by  the 
Inspector  of  Ordnance  at  Boston,  Mass. 

PRESENCE  OP  INVENTOR. 

The  inventor,  Colonel  Yates,  was  allowed  to  be  present  during  the 
trials,  and  to  make  whatever  changes  he  desired  in  the  gas-check  or 
breech  mechanism  upon  the  ai)proval  of  the  Chief  of  Ordnance,  U.  S.  A. 

EXPERIMENTS. 

These  were  conducted  at  the  Ordnance  Proving  Grounds  at  Sandy 
Hook,  N.  J. 

PROJECTILES. 

The  8-inch  Hotchkiss  projectiles  were  used  for  all  the  firing^. 

POWDERS. 

Du  Pout's  hexagonal  powders  E.  V.  L.  and  E.  V.  F.,  density  1.760  and 
granulation  72,  were  used,  as  these  were  the  grades  of  powder  used 
heretofore  in  trials  of  8  inch  guns. 

RESULTS  OF  FIRING. 

The  total  number  of  rounds  fired  up  to  the  present  time  is  16.  The 
details  ot  the  tiring  will  be  f  uml  in  the  firing  record  and  table  of  en- 
largements appended  to  this  report.  The  following  table  shows  the 
pressures  and  velocities,  with  the  ditierent  charges  of  powder  used. 
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Table  I. — Vtlocitiea  and  pre$$ure$. 

{Gun:  8-inch  YateA  breoobloading  rifle,  1iQe<l  with  a  NAshua  (X.  H.)  •ti'el  toba.    FrojtetiU:  i 
HotchkiHA:  Wfiiclit,  ISI  ponmU      Powder:   Dii  Pout'H  htfviiKoiial  l£  Y.  L.;  dfoalty,  1.750; 
tioii.  11.     iHttrumenU:   For  vel*»city,  2  Ln  Bou1«d}:6  rhrunoiEi-aplit  (ra«**n  takt*u);   fiH*  , 
CriiHhor  piu^^H.     Niiiiiimt  of  iouikU  fli-e<l  witli  vatuh  powder  chaixoi  two  (aod  me*ii  ta^n). 
mental  velocity  taken  :it  lutt  fiH)t  irom  luuzzle.] 


Date.  Powder  ,  Instrumeutiil    p^^o,^  (aewi).    R«»IL 

charge.  .vclocit3-(nie«n).;  ^    '^'     **''»^^** 


1885. 
March  11 

1 
Pounds.            Feet 

20  1              1,080.5 
25  1               1.235 
30                 1.384 
35                 1.4i)3.5 

Pound*  »q.  inch.  '■   IWt. 

■IM.  uuo          A.  MS 

March  11 

18.7^ 
25.650 
80.175 

3.61 

Miin-h  11  and  12  .. 
Mai-ch  12 

4.83 
4.73 

Maximam  . . 

1.605 

80.800  '      ^77 

W|  WW 

*  Lett  than. 


The  following  table  gives  the  additional  preasures  obtained  witk 
powder  charges  of  35  pounds;  velocities  not  taken. 


Table  II. — Presture^. 


Nombero  1 
roiiudA. 


Po^tde 


E.  V.  L. 

K.  V.  L. 

K.  V.  L. 
I  i  E.  V.  F. 
1     E.  V.  F. 


Weight  of 
prt\jrctile. 


Preflsnre  (mean). 


I 


Pounds. 
177 
IS! 
182 

180  I 

181  I 


Pounds  sq.  inch. 
M.K25 
34,7tiO 
34.2«'« 
34.175 
39, 775 


R4nn>rk*T 


Maximam  pKware  eqaals  84,885  pouife 


The  E.  V.  F.  powder  jcavein  this  last  moid 
a  bi.:hi*r  preniiurti  than  waa  d««ind: 
3.'i.oti0  poQuda  being  about  the  maxiBum 
limit  llxi^. 


ENLARGEMENT  OF  BORE. 

The  gun  was  stur-guiiged  before  the  Ist  and  after  the  5th,  8tb,  and 
IGth  rounds.  The  record  shows  that  from  the  muzzle  to  122  incbtf 
from  the  muzzle  there  was  pmctically  no  enlargement.  After  tfce 
5tli  round  the  enlargement  was  in^rceptible  fiom  122  inches  to  !•* 
inclH»s  (Ixittom  of  rillinj*)  from  the  muzzle.  The  enlargement  varii^I 
from  (K<H)1  incli  at  122  iiuhes  to  O.OOG  inch  at  130  inches,  though  the 
hiirhest  pressure  was  only  20,200  pounds,  and  that  only  in  the  W 

round.     '  . 

After  the  Sth  round  this  enlargement  had  increased  to  0.002  iiKi 
at  122  inches,  and  to  0.015  inch  at  136  inches,  with  the  highest  pre* 
ure  e<iual  to  30,800  i)ounds,  which  indicates  a  very  soft  steel  id  the 

tube. 

After  the  10th  roimd  the  enlargement  of  the  bore  was  fonndtoM 
0.004  inch  at  122  inches  and  0.020  inch  at  13G  inches  from  the  miuilfr 
The  increase  in  tliameter  was  uniform  between  these  pointB. 

REMARKS. 

The  tin  powder  case  was  intended  to  bo  expanded  into  the  aDiiltf 
grooves  cut  on  the  interior  of  the  brass  gaschecki  and  to  be  with- 
drawn with  the  '"cartritlge-head"  or  gas-check.  In  no  oaae  didjt 
act  as  intcMuled.    The  pewter  bottom  of  the  can  became  detMdMd    ^ 
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tinie  it  was  used,  and  the  case  remained  in  the  bore  and  was  removed 
with  a  rammer.  This  tin  case  is  useless  and  dangerous  in  that  if,  by 
accident,  it  shonld  be  left  in  the  bore,  it  might  cause  wedging  of  the 
shot  and  endanger  the  gun.  The  long  brass  gas-check  did  not  act  sat- 
isfactorily, as  in  firing  it  was  swaged  out,  becoming  firmly  sealed  in  the 
bore,  and  rendered  the  opening  of  the  breech-clamps  difficult;  in  fact, 
practically  converting  the  gun  into  a  muzzle-loader.  This  gas-check, 
even  after  the  reduction  to  6  inches  in  length  and  turning  the  interior 
to  cnp-shape,  had  to  be  removed  by  ramming  from  the  muzzle.  At  the 
9th  round  a  steel  gnscheck  9 inches  lon«r  was  substituted  for  the  brass 
one,  but  still  a  resort  to  ramming  from  the  muzzle  was  necessary  for 
removal. 

At  the  14th  round  a  compound  gascheck,  consisting  of  copper  and 
steel,  was  substituted,  which  was  removable  by  the  extractor. 

Tlie  difficulties  encountered  in  opening  the  breech  mechanism  are 
shown  in  the  firing  record.  The  locking  latches  and  locking-plate  not 
being  able  to  hohl  the  clamps  together  in  firing,  the  rear  end  of  the 
clamps  has  been  turned  off,  leaving  a  cylindrical  projection — one  half 
on  each  clamp — over  which  is  fitted  a  circular  retainingcap  of  steel  to 
prevent  the  clamps  flving  open  and  striking  the  cheeks  of  the  gun-car- 
riage at  each  fire,  as  has  been  found  to  occur.     (See  filing  record.) 

In  order  to  reduce  the  pressure  in  the  bore,  atOolonel  Yates's  request 
(see  his  letter  of  May  8,  1885,  Ordnance  Office  file  104  I  of  1885)  and 
with  the  approval  of  the  Chief  of  Ordnance,  the  Board  is  having  the 
chamber  lengthened  2  inches,  giving  more  air  space  and  diminishing 
the  density  of  loading.  Colonel  Yates  has  also  requested  that  a  radial 
vent  be  provided  instead  of  the  axial  one  first  used. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  Prtsidtnt  of  the  Board. 

F.  H.  PAKKER, 

Major  of  Ordnance, 
GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
B.  A.  LYLE, 

Captain  of  Ordinance. 
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Beeord  of  firing  with  S-kick  Tatm  frrwdk-loaAif  rf|b 


S 


Powder.         |  PrctJeotUe. 


T 


L.  H. —  Barometor, 
30.405:  tliennoiuetiT, 
21.7;  huiniditj.  58. 


v^      Time.   ■■ 

o 
u 

9 

JO 

s ; 

^; j 


Kind.      !    ^      Kind.'  ^ 

'  -a  ■       ■  •« 

.      bO     •  •  bf 

I     •     I  1  "S 

,  ^  i       ;  ^ 

1 


I    1885L 
1  iMar.  llh 


I 


I 


2  I  Mar.  11 


3    Mar.  11! 


P.  M. —  Baromutcr. 
30.311;     theinioiiie- I  I     . 
ter,  28.8;  hiiiuiditv,^  i    * 
«7. 


Mar.  11 


I 


Barometer, 
30.0a7 :  ther- 
moiiu'ter.34  1: 
humidity,  69. 


H. 


6 


A.M.I    7 


P.M.'    8 


Mar.  11 


I 


Mar.  12 


Mar.  12 


1^ 


Mar.  12 . 


I 


9  !  Apr. 


A.  M. — Barometer. 
29.^13 :      tliiTmomi*- 
ter,  49.7;  humidity,' 
88. 


10 


^^1 


Apr. 


11  ;  Apr.  21 


P.  M. — Barometer. 
30.1rt9:  ttieniioTiu*- 
ter,  78.2;  buuiidity, '* 

se. 


12    Apr.  21 


a' 

o 


0 

a 

2 

611 


a 


> 

1 

o 

f 

M' 


a 

o 


I  Lba. 
I      20 


I 


20 


25 


25  1 


30  I 


30 


35 


85 


s 
a 


S 

M 


Lha.        ' 
181     —35 


181 


-14 


si 
M 

Hi 

P4 


Lb». 
18.000 


181  .  —20 


181 


—20 


181 


!    181 


181 


181 


"iili 


85 


35 


t 

o 
33 


182 
181 

181 


181 


-40 


18,000 


19,000 


If 

-A  ' 

il 


18.450 


28,900 


^1(0 


80,800 


28,550 


84,200 
(Old 
toruaher.) 
84,400 


!(Cniaher.) 
84.825  ' 


81^875 


■  -  1 

I  All 

in. 


J 


1,075 !   ta 


1,286       t» 


i.»i!    ic 


1,881 


1,1W 


1,505 


1,482 


IB 


10 
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i0 


in 

iS 
if 


i« 


.•^t.ak: 
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ol  Sandg  Boolt,  N.  J.,  from  Mareh  1 1  to  Mag  6,  1865. 


Wind.  BtreDRth.  and 


7 

i*.r 

' 

1 

ridbt 

Si 
S 

Spaal*]  ramulu  abont  skch  fli 


Fmm  ftvDt  and  lefc 


The  siu'-h"rli  eoulJ  not  berenn.vod  bi 


it  froia  mgule  villi  » 


bf  tlD  puaderDiv 


lenEth  or  IZi  Inehe*  lo  ulipt  it  to 
firing  vltta  BligLtijr  iuu  difficult; ; 


Tlat><>vdar.CMeDDtt«)l«ii[th»f  cirtrldKS.    aincbeck  hid  bcpntnnmd 

on«D  BUD  sftt'T  Urine,  <uid  arsD  mors  on  benvy  Uuibet  at  uiu'iile  to 
«lect  KM-cbeok. 

Tin  powdar.nae  oat  tn  InoEtta  nf  vnrtrlil  ee.    G*a-ehi;ck  hid  brni  tnrnod 
da»D  ovBf  lip  A  iorb  and  ulii-hilj  <ia«i>d  oter  outer  MirlbReiK'ludlDji 

°  .rfr'arlns 


ef«t  m-chi-cli.     Thr  righl  hiOT  of  br«ch  oloiuro 
•loDO  beulof  properly. 

<■  HliKlitlv  fli 


Before  Ibia  round 


Altuorsea 

dllfacultr  In  remortng  it.    Breocb  driven  opeu  by  wedKM. 

Beforp  this  ronnd  the  bruo  ctarvk  iriiii  allchtlv  filed  doini  on  o 
■■  lo  fll  it  lume  eoRiiv  in  .'bxmlH'r  The  breeob  Dlnnre  ir 
eligbtly  op.'B  uft^r  r.dli  nmiHl,  lint  al  this  one  it  wMopen  to  tl 
of  V  ■.!%,  Jo.t  above  tbe  Hrins  pin-    Looking  epriug  brake, 

Befora  itai*  round  the  brue  eu  cheek  »iu  dlEbllv  Bled  down  oi 
ai>le  M  IS  lu  (11  It  -    -         1.--.-    . 


rliei^k  itiit  to  <l  innbrn  l«DEih  and  benliipheriul  bMS  reamed  ont  to 
[I  Bhnpe  and  iieDfntli.T  «ued  on  onialde.     IIi«Mh  cloanre  opened 

D'tApiks  and  rupe,  nod  giie.i:Utick  ri'Uiuvoil  wilb  niuoh  leu  dimoulty 


srStbs 


>ng,  Deed.     Remaved 


CBTirldw  bag  nnd  no  tin  Due  aiied.    Check 

"  ••  &it,  dn.'  ( 
r  prlulug  c 

llreer'h  olomire  opFU 

binkpii.     G«"clierk  leraoTetl  by 


ileei  raui.ohi 
wired  down 


leok.    Looking   caloh 


Bre-ch  dosont  opened  U  Infbet, 
bnvioii  Hrnt  •tniiii  theekt  or  i-»r- 
riane.  ■■  bof.ire.  Giu.  .-hcok  ro- 
miived  bv  llitht  tsnii  with  nmner 
fr.ini  mniitlH.  Escape  of  cu 
Ibrongh  Tont.  u  before.  AH 
loTor  pina  broken. 
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After  tlio  1054lli  round  tlie  giiii  was  sNir-gauged  while  hot,  and 
again  after  it  hetaine  cold,  to  ancertaiu  theHinnunt  of  the  enlarg(>meut 
dneto  the  iic;il  developi'd  in  firing,  Tlit^  table  given  below  chows  the 
ealai'gements  with  the  gun  but  and  <»)ld,  together  with  the  differences 
doe  to  the  heat : 


DtlUDMi  from  tho  inaiile 

l«ut(hi«uiditllhth«Eua. 

Bat            Cold. 

KB.™™.. 

0.010  1         o-oos 
.oia            .ooa 
.ou             ,»IW 

3    ;S 

7ikA, 

:oos 

.000 

.«M 
.00« 
.COS 

:!S 

ALTERATION  OF  MODEL. 

The  Boiird  decideil,  on  March  12  and  April  2,  1885,  to  reeoiiiinend 
certain  ali'iaiioriB  in  the  model.  Subsequent  to  thin  iu;lion  the  details 
and  oullint'^  of  the  3.2-iuch  steel  Uree^-h -loading  rifle  were  changed 
and  settle  '  li,v  correspondence  between  the  Ordnance  Board  and  the 
Chief  of  Old  iiiinee,  United  States  Army  ;  therefore  no  further  jiciiun  in 
regard  to  ihe  subject  has  Iweu  tnken  or  is  necessary  on  the  j)art  of  this 
Board. 

OPINION. 

The.'J.2inch  breccb-Ioadingftt^el  rifle  has  been  "subjected  (othe  proper 
teRt,  including  such  rapid  firing  uh  a  like  gun  would  be  likely  to  be 
BobjiH-tcil  to  in  actual  buttle,  for  the  deternitiiatiou  of  the  endurauoe  of 
the  KaniL',''  to  the  satisfaetioii  of  the  Board. 

RECOMMENDATION. 

The  Board  would  respectfully  recommend  that  the  3.2-ineli  breeeh- 
loading  steel  rifle,  or  its  modification,  heretofore  [uentioDed,  as  a  suita- 
ble gun  to  "  be  put  to  use  in  the  Goveninieut  service." 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  Fregident  of  the  Board. 
F.  H.  PARKER, 

Major  of  Ordnance. 
GEO.  W.  McKKE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance. 
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Table  of  enlargemenU  ofS-ineh  Yatet  breech-loading  ri/{»— Continned. 


42 
40 
.38 

se 

84 

82 

80 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

1 


Inches  from  mossle. 


OriKinal 

pUyof 

tube. 


Inehet. 
.00475 
.0045 
.005 
.004 
.004 
.008 
.002S 
.002 
.004 
.0025 
.0035 
.  0l»25 
.00325 
.C065 
.006 
.0045 
.00625 
.006 
.0045 


Orif^nal 

diameter 

of  bore. 


Inches. 
8.001 
8.002 
8.002 
a  002 
8.002 
8.003 
8.003 
8. 004 
8.004 
8.005 
8.005 
8.006 
8.006 
8.006 
8.006 
8.006 
a  007 
8.006 
8.607 

a  014 

8.007 

a  007 


Enlargements,  includinis  "  settinic 
up  "  of  tube,  aJter— 


5  rounds. 


8  rounds. 


0.001 
.060 
.000 
.000 
.001 
.001 
.000 
.000 
.000 

-  .Oul 

-  .001 

-  .001 
.000 
.000 
.000 
.002 
.001 
.000 
.000 
.000 
.000 
.000 


0.001 
.000 
.000 
.000 
.001 
.001 
.001 
.000 
.000 
.000 
.000 

•  .001 
.000 
.000 
.000 
.002 
.000 
.000 
.001 

-  .001 
.000 
.000 


16  rounds. 


O.fOO 

-  .001 

-  .001 
.000 
.000 
.000 

-  .001 

-  .001 
.000 
.000 
.000 

-  .001 

-  .001 

-  .001 

-  .001 
.002 
.002 
.000 
.001 

-  .008 
.000 

-  .001 
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TRIAL  OF  THE  3.2-/.VCH  BREECHLOADiyG  STEEL  RIFLE.  BY  THE  BOSMB 
FOR  TESTISG  RIFLED  CASSOS,  tfc,  APPOINTED  VSDER  THE  ACT  Of 
COXGRE^iS  APPROVED  JULY  5,  1884. 

(3  plates.) 

The  3.2-iiicb  breecb-loadinf:  steel  rifle  was  transferred  to  this  Board  l^ 
the  Onlnam*e  Board  on  Aii<;ii8t  1,  1884,  pursuant  to  the  letter  of  the 
Cbief  of  Onlnance,  dated  July  24,  1884. 

The  description  of  the  fc\u\  is  j:iven  in  tbe  constrnction  report  from 
Watertown  Arsenal,  made  by  Maj.  F.  H.  Parker,  Ordnance  Depart- 
nuMit  (vsee  Ke])ort  of  Chief  of  Ordnance,  1^<84,  appendix  33,  pages  5U9, 
et  seq,),  and  in  Keport  No.  25  of  the  Oidnance  Board  for  1884. 

FIUIKGS.. 

Tbe  first  GO  rounds  were  fired  by  tbe  Ordnance  Board  before  tfce 
transfer  t^)  this  Board.  Tbe  refHirt  of  this  firiujc  will  be  found  in  Ap* 
pendix  14,  pajres  141,  et  aeq.^  Report  of  Chief « if  Ordnance  for  1881. 

The  next  184  rounds  were  fired  by  this  Board,  making  244  roDDdsii 
all,  and  the  results  pven  in  its  prof^ress  report  published  as  Appendix 
2J,  Ke])ort  of  Chief  of  Ordnance  tor  1884,  pages  277  et  »eq. 

The  firings  covered  by  this  re|x>rt  extend  from  the  245th  to  the  ISOOA 
round,  both  inclusive,  or  1,556  n)unds. 

The  firing  records  appended  and  forming  part  of  this  report  oontaii 
all  the  details  of  the  trials.  Tbe  total  number  of  ronnds  fired  from  thii 
guu  is  1,800. 

GABSIAGES. 

These  call  for  no  s)>ecial  remark  since  the  gun  alone  comes  within  tbB 
province  of  the  Board's  action.  It  may  be  stated,  however,  that  difa^ 
ent  carriages  were  used  during  the  trials,  viz,  the  steel  carriage  madt 
at  Watei  vliet  Arsenal,  an  old  iron  12-pouuder  field-carriage,  and  die  91- 
pouuder  Parrot t  carriage. 

PROJECTILES. 

The  projectiles  chiefly  used  in  tbe  trials  were  the  solid-band  eiperi- 
mental  shell;  cop])er  band,  3.3  inches  in  diameter,  0.5  inches  wide— W- 
eled  front  and  rear — weight  13  pounds  (See  Plate  I,  Ordnance  Baui 
Keport;  Appendix  15,  Rei>ort  of  Chief  of  Ordnance,  1884,  page  155.) 

Some  experimental  shra|)nel  were  also  fired.    The  cl 
number  of  rounds  fired  with  each  kind  is  given  USelow. 
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Table  A. — Projectiles  need  during  the  firing. 

[Clatn^eation f  A.  Solid-band  experimeDtal  shell;  band,  3.3''  dismeter,  0.5"  wide;  beveled  front  and 
rear ;  wei(;ht,  18  ponnds.  B.  Experimenral  shrapnH  rei>eiv«^  from  WHtertown  Arsenal  April  15, 1H85 : 
weight.  13  ponnds.  C.  Hhrapnel ;  bniHH  band;  ueigbt,  12.5  pounds.  Ti.  Same  as  A,  with  lu'ail  cut  off 
and  InasH  head  from  shrajmel  screwed  on  ;  weight,  12  potindn.  Metallic  tinie-tuzea  set  to  explode  in 
5  hecouds.  In  round  1,200  shell  burst  in  or  near  gttn.  £.  Same  as  C.  Plunger  fiom  German  fuze  with 
wings  off.  J 


1 

Projectile. 

i 

No.  of  1 
rounds. 

1 

1 

No.  of  fire. 

From— 
1 

To— 

Class  A  . . . 
ClassB.... 
ClassC  .... 
ClassB... 
Class  C  . . . . 
Class  A.... 
Class  E.... 
Class  A... 

Class  B 

ClassC*  ... 

Clsss  A 

ClassB.... 
ClassD.... 
ClassA.... 

1 

757  i 

1 

1 

4 

3 
34 

1 
866 

1 

4 
23 

3 

2 
600 

757 

758 

759 

763 

766 

800 

801 

1.1 07 

1.168 

1,172 

1. 1»5 

1,198 

1.200 

1,800 

760* 

764 
767 

802 

"  i,'i69 
1.173 
1,196 
1,109 
1,201 

1,800 

*  Weight,  12.75  ponnds. 


POWDEES. 


Du  Pout's  powders  were  used  throughout  the  experiments.  The  fol- 
lowing kinds  were  employed  :  IKD  and  1KB,  each  having  a  density  = 
1.725,  and  granulation  of  2,200;  LX,  LXA,  LXB,  each  with  density  = 
1.706,  granulation  270;  and  LY,  with  a  density  =  1.662,  and  granula- 
tion 270. 

Onlv  2  rounds  were  fired  with  LY  powder,  3  with  1KB,  19  with  LX, 
and  142  with  LXA. 

The  principal  firing  was  done  with  the  IKD  and  LXB  powders,  the 
former  being  used  in  700  rounds  and  the  latter  in  600  rounds,  making 
1,556  rounds  fired  since  date  of  report  upon  first  244  rounds. 

GASCHECKa. 

Two  kinds  of  gas-checks  were  used — the  Freyre  and  De  Bange. 
These  are  described  and  figured  in  the  report  of  the  Ordnance  Board 
published  as  Appendix  14  in  lleport  of  Chief  of  Ordnance  for  1884,  pages 
141  et  seq, 

EXPERIMENTS. 

These  were  made  at  the  ordnance  proving-grouuds  at  Sandy  Hook,  New 
Jersey. 

RESULTS  OF  FIRING. 


The  details  of  the  firing  trials  are  given  in  the  firing  records  and  table 
of  enlargements  of  bore  and  chamber  appended  and  forming  part  of  this 
report. 

PRESSURES  AND  VELOCITIES. 

A  summary  of  the  pressures  and  velocities  obtained  with  the  several 
kinds  of  powder,  using  a  charge  of  3.5  pounds  with  a  13-]H)und  pro- 
jectile, is  given  below  in  Table  B. 
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The  complete  tabulation  of  pre8snre«  and  velocities  for  the  above 
charge  will  be  fouud  appended  in  Table  I. 

Table  B. — Ah$tract  of  pre88ure$  and  v€locUie9, 
[Weight  of  powder-charge,  3.5  pounda;  weight  of  prcjectile,  18  poonds.] 


Mean  of 
ruuudfl. 


4 

S 
3 
3 

4 
0 
8 
4 
1 
9 
6 


Kind. 


InBtramental  velocity. 


From 
muzzle. 


1KB... 

^LXA> 


LXB.. 


I 


Fett 
100 
1(K) 
100 
100 
128 
128 
107 
lUO 
100 
100 
IOC 


Prewiar* 
,  pereqiiare 
Vel.Hlt  inch, 

peraecond.;. 


F^et. 

l.iAH 
l.«J4 
1. « » 
1.M4 
1, 821 
1.827 
l,5«l 
1.594 

1,  :.^.i 

l.TiOS 
l.«ri8 


FoundM. 

Uu.«  7 

"aiiioo*** 

30.591 
80  875 
31  S08 
28,939 

S5.93S 


J 


Table  II  jrives  all  the  presMirea  and  velo(^ities  taken  in  which 
of  th»^  elements,  siieh  as  weij^ht  of  powder  charge,  &c.,  differed  fro* 
the  conditions  jriven  in  Table  I. 

Tlu»  LXB  powder  gives  higher  pressures  and  velocities  than  the  IKD 
powder.  With  3.5  pound  charges  LXB  gave  a  mean  velocity  of 
I,OS(>  feet  ]>er  st'cond  with  a  pressure  of  ;if>,93.'3  pounds  i>er  square  inch. 
In  u.^iiig  the  Freyre  gas  check  the  powder  space  is  greater  than  with 
the  I)e  Bange,  and  the  charge  was  increaseil  to  3.75  |>ound8  to  givo 
about  the  same  density  of  loading  and  maintain  the  pressures  aid 
velocities  at  a(>out  same  as  those  obtained  with  the  3.5-poaDd  ehaifo 
and  I>e  Bange  check. 

The  foUowing  is  a  summary  of  the  velocities  and  pressares  obiaiiMd 
with  3.73poun4l  charges  of  LXB  powder: 


Table  C,—Abitraci  of  pres^urtB  and  relocitie$  obtained  ¥fith  %7bpound»  o^ 


Mean  of 
rounds. 


Preenare 

pei  aqtuire 

incD. 


I 


Ve'ocity 
pet  I 


3 
«» 


Fnund$. 
38  100 
34.800 
85.083 


FlMt 

1,71( 

L74tr» 

1.748L6 


Remarlw. 


OnnooM. 
Gunbot. 


*  The  mean  of  the  first  two  ronnda  in  this  frroup  la  1.747  feet  per  aeemid.    Th«  thivl 
reaaon,  dropped  to  1,728  feet  per  second,  which  lowered  the  metta  to  1,740.8  tmt  pv  Ma 

RANGE. 

The  ranges  of  this  gun,  for  differences  of  2^  in  elevatioti,  wendcttf* 
mined  beginning  with  2^  and  ending  with  2<|o  elevation,  the  linitptr 
mittcd  by  tlie  carriage.  The  time  of  flight  and  deflection  of  thepi^ 
jectiles  were  also  observed.  Table  III  shows  all  the  details  of  thelinC 
for  range.    A  summary  of  this  table  is  given  below  in  TaUo  Dl 
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Table  D. — Time  of  flight,  maximvm,  minimum  ^avd  mean  ranges  and  deflection  of  projeo- 

tiles  for  the  3.2'inck  atetl  fitld-gun. 


• 

§ 

Time 
of 

Range. 

-T ■                                                  

Deflection. 

T>Anr.41 

Axis 
of  f^un 

Wind. 

xceoou.  Bui'vo 

flight 

It 

Max. 

Min. 

MeaD. 

Max. 

Tardf. 

Min. 

Mean. 

level 
of  sea. 

Direction  from — 

* 

Velocity 
per  hour. 

o 

Tardt. 

Tardn. 

Tardt. 

TarjM. 

T(.rd». 

Feet 

Feet 

MUee. 

2 

4 

1.(508 

1,  .->«6 

1,5^4.9 

*2. 75 

to  75 

♦».  3 

9.8 

14.3 

Front  and  left,  32°.. 

9 

4 

P.  6+ 

2.376 

2,348   2,364.2 

fj.  75 

*0.25 

tl.5 

9.6 

16.6 

From, 

6 

6 

9 

3.<.'S4 

3,022   3,  0:56.3 

*1.5" 

•  •  - 

»0.7 

8.5 

12 

Front  and  left  3-'o.. 

6 

8     11.45 

3.653 

3.f:21    3.  6.(5. 6 

t8           t6 

t«.9 

8.07 

12.9 

Fiout  i*n«l  left,H2o.. 

6 

10      13.  8     i  4,  16tf 

4.  128   4.150.5 

118          fl2 

tl5 

8. 125 

12.7 

Front  and  l»fi.3LO.. 

6 

12      l.V  7 

4,853  ;  4.789   4.8.'4 

*49.25   *45 

♦4«.4 

8.07 

13.2 

Reartnd  rijiht,  3fto. 

20 

14  ,   17.9 

5,314 

.5.2J4  ,5.270.6 

-37.  2.'> 

*28 

*3i.52 

8 

13.7 

Kearai  d  ri^ht,  36°. 

20 

16     2U 

5,716 

5,667  ,5.6SW.3 

*38. 25 

*23 

*29.25   8.16 

13.9 

KoHi  snd  rlKbt.  '^%°  . 

20 

18     22 

6,155  ,  6,031  ko96.7 

1^9.5 

*31 

t35.35   7.825^'^|;i;2 

Hear  und  right.  36° 
Hear    

20 
11 

20  !  24+     '||6,564 

6,414   6,479.  It  101.  75 

tfc!9 

t95.6 

7               12.8 

Kear    

11 

Left. 


t Right.  *  Fiint  Ave  rounds. 

II  Greatest  range  attained,  3.  73  miles. 

EXTREME   RANGE. 


§  Second  five  rounds. 


Several  atteniyits  were  nia<le  to  obtain  the  extreme  ran^e  nnder  angles 
greater  than  2oo,  Imt  without  »u<;eesH,  due  to  the  iinpossilHlity  of  seeing 
the  small  sphish  made  by  the  projectile  when  it  struck  the  water  at 
such  long  distances. 

ACCURACY. 
1. — Mean  deviation. 


Difftance  of  target  from  gun. 

620  feet. 

Feet 
.27 
.43 

1  mile. 

Feet 
1  99 
3.20 

1  mile. 

Mean  vertical  deviation  from  center  of  Impact  . 
Mean  horizon  till  deviation  from  center  of  impact. 

leet. 
1.76 
1.6.I 

Mean  deviation  from  center  of  impact. . .-. 

.51 

3.77 

2.40 

Kind  of  carriage  used 

Old  iron 
field. 

30-pdr.        30-p<lr. 
Parrott.     Parrot!. 

2. — Accnracu  at  620  ftel. 

\Dfite:  Ap»ilir»,188,«5.  0un:  3"  2 breech-loadinsr rifle  (stenl  field-gun).  Carriage:  Old  iron  field-carriage. 
Powder:  Kind.  On  Punt's  LX;  den»ity=  l.7"i6:  griinnlsiti«»n=:  270;  wiiiiht  of  charge,  3.5  pounds. 
Projectile:  Kind,  solid-band  ex^Hiiinental  Hh««ll :  band.  H".i  in  di:im-  ter,  U".5  wide;  ht-vrled  front  and 
rear  ^w'eightofrr '3  pimnds.  Ele'^afion  =i\°.  //eco£/  =  m  iximnm.  17' 5  ;  minimum,  7'.08:  moan,  IS'.SO. 
Number  of  ylr«=703  V*  709.  Number  ofrovndu  —  7.  Target:  Diatance  =-  620  feet  from  gun ;  sias  =  6 
by  7  ftet.     Wind:  Direction  fi-om  re-ir  and  ri;:ht,  87°;  forc«,  16  milea  per  hour.] 


Round. 

Distance  from  center  of  target. 

Distance  from  center  of  impact. 

Vertical.             Horizonral. 

Vert 
Above. 

Lioal. 

Horizontal. 

Above. 

Below.    Right.  .   Left. 

Belaw. 

Right.     Left 

1 

Feet 
0.67 
0.H7 
0.17 
0.58 
0.13 
0.  10 
0.83 

Feet 

Feet.       Feet 

!      0. 42 

!      0.12 

Feet. 
0.22 
0.22 

"6.13 
6.38 

Feet 

•  ■  •  • 

"  '6.  28* 

"o.'m' 

0.35 

Feet 

"6.24 

""'6.72' 
0. 1?8 
0.27 

Feet 
0.06 

""o.'if 

0.48 

2    

3 

1.33 

0. 36 ; 

0.08 

4 

5            -.   . 

8        

t.  09 

7 

i     6.84 

3.15 

1      0.36        2.88 

0.95 

0.95 

1.51 

1.51 

3. 16  -♦-  7  =  0.  45     2.  52  ^.  7  =  0. 36 

1.90 -#-7=  0.27 

3. 02  -*-  ^ 

r  =  0.43 

1 

Mean  veitica  d«*\iti<ion  fr«>ni  nuicr  ot  inituict.  c  2/  he  . 
Mean  horizontal  deviation  from  center  of  iinpaet,  u«43  feet. 
Mean  deviation  from  center  of  impact,  0.51  feet. 
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3. — Accuracy  at  1  mih. 

I  Date :  April  1.  188.^  Oun  :  3".2  breech-loadine  rifl « (iiteel  fleld-Knn.)  Cfarriaa^  :  80-poii]id«r  PiBMl 
PoiodT:  Kin<l,  Diinont'ii  LXA. ;  A^nA  y,  1.706;  j^raiiuUtioii,  270;  weijcht  of  cliarge.  3.5piaada.  A» 
jeetUe:  Kind,  HoliillKind  ••xpHrtnuMit:il  HhcU:  bind.  3".0  dimneter,  0".5  wi«te.  l>«veM*l  fiMtai 
rnir:  Win^tir  of  —  i:{  p  Minds :  iuHirunii-iiral  velof.itv,  at  tOO  f«^t  fniiu  rouzxi«i.  1.59-^  fe>-t  prrMMl 
Ele-i  ttion :  2^  I.V.  RmoU  :  .M  ixiin  iiu,  .i'.ll ;  niiiiimu  ii,  3'. 00 ;  in«iiin.  3'.36.  iVuMtter  of /ire:  OV  i»UL, 
N'lmber  of  mnndt:  9  Target:  Di.sr.iinc'v  I  mile  fmin  j^an;  size,  2^  by40':  nzitt  of  jeaa,  yuti' 
center  ufbnll'3  t'.ve  of  tar;;et.  Wind:  Diivotion  troin  ivar  and  right,  87^;  foroe,  flratfoari 
12  milo8  per  liuur ;  laxt  live  i-oundi*,  14  mileH  per  hour.] 


Round. 
1  

Distance  from  center  of  target 

Diatance  from  center  of  iinp««t. 

! 

YerticaL            UorizontaL 

VerUoaL 

HorisontnL 

Above.    Below. 

Right.     Left 

Above. 

Below. 

Right     Loft 

Feet,    i    Feet. 
1      0.50 

Feet.       Feet 

'     11. 00 

Feet 

1.63 

'"  o.ii' 

1.95 
2.45 
1.18 

JWt 

F§eL 

6.47 

2    

1      5.  00 

1.68  ; 

'..'.'..'.      '6.'75' 

8.00 

9.0O 

1.00 

3.00 

1      5.17 

1 

2.87 

'  2.21' 
2.87 

0.21 

3*... 

.    4  

■'    5 

8 

7  

i      8 

0 

1 

.'.'.'.'.'.'...     "i.U 

5.00 

1.34 

i      0. 18 

0.32    

1       1.00 

"*L68* 

"8.83 
l.ftS 

"i.'22" 
""i'47' 

"aei 

1 

1 

0. 32       17.  36 

1. 68       37. 02 

1 

7.95 

7.95 

12.80       12.89 

1 
1 

I 

17.  04+8=2. 13 

36. 24  i  8-4. 53 

15. 00 1-8=:  1.99 

25.60-»-8=3.S0 

*  Under  target. 

Mfan  vortio.il  deviation  from  c«»nt«'r  of  impact,  1.99  feet. 

Mi'aii  horl/.nntal  dcvinti'in  from  center  of  impact,  3.20  feet. 

Mean  di^viaiion  from  center  of  impuot,  3.77  feet.  § 

4. — Accuracy  at  I  mile. 

[Date:  April  1G,  1>^5.  Gun:  3".2  breech  Iwidin:;  rifle  (nteel  flold-irnn).  Oarriag*:  ao.poander  Fnni 
J*>iwdcr:  Kind.  Dnp'mt'A  LXX:  douKity.  1.7n0;  I'mnulatim.  270:  weiuht  3  5  |Miiiiida.  PnjeHt: 
Kiuil.  rt>)lid-'Miid  o\|i«M-iiu«>iittil  rtlielt :  htnd.  .T^3  di»m-t-r,  0".5  wide,  b«»vel>Ml  fh>nt  and  rcttr:  ^AM 
of  13  p  x^i' *•**  Klei',ui,ui :  I'^^W.  h'eenU:  \faxiiiiiitii.  3'.H3 ;  minimum,  2'.75:  mi>an,  3'.29.  Xumkef^ 
fire:  7»;»  ti»  7">7.  Suiitbrr  of  rmmdH :  i).  Tnnet:  DiHttnce,  1  mile  ftoin  euu;  hIju*.  'iff  by  4f.  'Wmii 
i>iriM-rion  of  lirttt  ^i\  ro.iiid*M,  from  rear  niid  left,  3° ;  for  M'venih  ronnd.  fVinn  flr->nt  and  right 4lP:  ^ 
cigtit  -itni  iiititli  miuid,  fmui  r«':ir  nnd  loft, 3^.  Force:  VivM  round,  12  miles;  MecNind,  10  mllra;  lUi^ 
12  uiile.s;  fiiuth.  tiftli.  and  Hixtli.  11  niilert;  Hewiitb.  6  milvs;  eight  and  ninth,  4  Diilt«,  perhiU.I 


i  Distance  from  center  of  target 

Difttaace  flrom  centerof  j 

Impaet 

Round. 

Verticil. 

Above.    Below. 

Feel.       Feet. 

3.  .^ 

3.  ."io 

IIoriKontal. 

i 
Ri;;bt.      Left. 

Vertical. 

IIoriKontaL 
Right     Loft 

1 
Above.   Below. 

1  

0 

Feet    '    Feet. 

2.66  * 

2.50 

0. 75 

0.33  ' 

0.16 

8.00 

'  2.34    .'.'.'."'.'. 
1.32 

Feet,       Feet. 

0.81 

0.8! 

■      «.8l 

2.67  ! 

Fleet. 
2.92 

•  •  <  -  •  •  • 

2.24 

a49 
'iii" 

-  •  •  »    •  •  • 

L66 

3  

4 

'      2.00 

a«8  : 

8.00  , 

2. 00 

"0.5a 
0.42 

5 

rt  

8.69    

2.81 

i 

0.69    

7* 

8 

9        

..         .......               iK  oO 

5.00 

34. 48 

5. 49        7. 57 
2. 08-»-8=0. 26 

7.05        7.96 

6.53 

6.  IS 

34.48-1-8=4.31 

14.10-»-8s:1.76 

U.06ft«L6i 

*  Under  target. 

M«>an  vertical  dnvlation  from  center  of  imnact.  1.7rt  foot 
Mem  h  >riz  mtal  d'*viation  f:-o:u  center  of  imtiact,  1.63  feet 
Mean  deviation  from  center  of  impact,  2.40  fcot. 
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RAPIDITY  OF  FIRE. 


Twenty-one  (21)  trials  were  made  to  ascertain  the  namber  of  roands 
fhat  could  be  fired  per  minute.  The  maximum  was  2  and  the  minimum 
0.63  rounds  per  minute,  the  ^nners  seeking  shelter  during  each  round, 
which  caused  a  slight  loss  of  time.    These  trials  are  given  in  Table  I  v. 

JUMP. 

yrbe  correction  for  the  angles  of  elevation  due  to  the  use  of  the  steel 
field-carriage  was  determined.  The  results  of  the .  observations  are 
given  in  Table  E. 

Table  £. — Angle  of  jump, 

[DaU:  Mnrch  25,  1885.     Qun:  Z".2  breeob-loadinf;  rifle.    Carriage:  Steel  fleld-€«rri*ge.    J^ntjuMe: 
1  Solid -band  experimental  shell  (new) ;  weight,  13  poandH.     Powder:  OnPont  LXA«  V.,  1.706;  gnuk' 
jolation,  270;  weisht  of  powder-oharge,  8.5  pounds.    Distance  of  target  from  gun:  SOfeei.    Wind: 
From  rear,  11  miles  per  hoar.  J 


* 

Is 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 


S«p 


618 
019 
616 
617 
614 
615 
612 
613 
610 
611 
608 
609 


B 

e 


0 

0 

4 

4 

8 

8 

12 

12 

16 

16 

20 

20 


o 


I 


Feet. 
9.76) 

9.75  5 
8.5 
10.0 
8.0 
8.0 
7.5 
7.5 
7.0 
8.0 
8.0 
7.25 


// 


I 
\ 
\ 

I 


20  00 

22  15 

23  15 
20  45 
17  07 

24  20 


OBTURATION  AND  BBEBGH  MECHANISM. 

||[,The  action  of  the  interrapfed  screw  and  the  two  gas-ohecks,  Preyre 
and  l)e  Bange,  were  very  satisfactory.  When  once  suljusted  the  Freyre 
check  operated  admirably.  Both  are  very  effective  gas-checks.  For 
details  of  their  action  see  Table  Y.  The  number  of  roands  that  have 
been  tired  with  each  gas-check  is  as  follows : 

Bounds. 

Freyrel 704 

De  Bange 1096 

Total 1800 

*  ENDURANCE. 

The  Board  decided,  April  2, 1885,  iii>on  an  endurance  test  of  800  rouMds. 
but  on  May  1, 1885,  after  a  correspondence  between  the  Ordnance  Boara 
and  the  Chief  of  Ordnance,  United  States  Army,  in  regard  to  the  en- 
durance test,  the  Board  decided  to  tire  one  thousand  additional  roands, 
making  eighteen  hundred  rounds  in  all  to  which  the  gun  has  been  sub- 
jected. After  examination  and  star-gauging  the  gun  was  found  to  be 
still  serviceable. 

VENT. 

impressions  were  taken  of  tbe  vent  after  the  800th,  854th,  and  954th 
rounds.  A  new  copper  vent  bushing  was  inserted  after  the  954th  round- 
After  the  1329th  round  the  vent  was  found  to  be  stopped  by  the  up- 
setting of  the  copper  bushing,  and  had  to  be  drilled  oat. 
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Beoord  of  firing  with  3.2-<fidk  frrfeoft-IoaiKfi^  riJU  (Bte^)  cf  ta^ 


Powder. 


I 

i  ! 

^     Time. 

o  ' 

!  i 


I 


I^Kt, 


Kind. 


1884. 
(    245  Oct.    16) 


A.  K.— BaitNneter, 
t0.40]  { tbennom- 1 
eter,48.8;  humid- "^ 
Ity.  4T. 


A.  If .— Barometer, 
S9.M6{  thermom- 
eter, 7X8 ;  humid- 
ity. M. 


246  Oct  16 

2470ct  15 

2480ct.  15 

2490ct  15 

250  Oct  15 

251  Oct  22 

252  Oct  22 

253  Oct  22 

254  Oct  22 

255  Oct  22 

256  Oct  22 


a 
o 


257  Oct  22 

258  Oct.  22 

259  Oct  22' 

260  Oct  22  ^     >; 

261  Oct  22 

262  Oct  22 
26:{Oct  22 

■  264  Oct  22 

:  266  Oct  22 

'  266  Oct  23 

.  267  Oct  22 

I 

268  Oct  22 

;  260  Oct  22 

270  Oct  22 

271  Oct  22 

272  Oct  22 
;  273'oot  22 

274  Oct  22 

:  275  Oct  22 


»4 


I 


a 

o 

% 


PrcJeetUe. 


Wgt 


Kind. 


f'  3  8) 

3  e. 

i 

'  3  8 

S   81 

I 

.  9   8 

I 

3   8 

■3   8, 

8   8i 

8   8' 

3  8; 

8  8: 

I  8  8* 


8.  8, 


8 
8 
3  e 
■  3i  8 
3  8 
3  8 
3  8 
'  3  8 


8  8 

3   8 

3   8 

3  8 

3  8 

.8  8' 

!  3  8 

;8:8 

t  8;  8 


I 

9 

a 

2 


c 


I 


=3i 

SO 


I 


•s 

-a 

S 
g 

■c 

M 

C 

•d 

a 

i 

1 


I 


§0    §1    ^ 

S  Is    I 


3--H 

8..=H 

8i.J— J 


,3'..'-» 

3..:-| 

I     I 

3..!-! 

\    i 
8 i 

'!•-!-* 

S..— I 

8'..i-| 
8'..U 

8..L4 

i..'— * 

8 

8 

i     I 
8..i-4 

8..'-* 

8..'— ft 

8., 

8. 

8'.. 

•r 

8... 

8'.. 


I 


£te.  FmL  FmL^ 
30,7001.063   aSS) 


I" 


&50 
&8S, 

&88; 
&60 

&5o') 

&80 

&50 

S.O0' 

S.50 

S.60I 

S.OO; 

I 

S.00 

I 

8lOO 


I 


I 


S.00 

I 

8lOO 
S.00 
S.08 
10.08 
'Sl,0001,«];ia00 
8l08 
8.08 

ft.  08' 

I 
8l08 

8L08 

8LI8 

ILBO 

8L88 

8.88 

8L88 


1 

j 

..-.., 

8 


1 


•I 

M 


I 

e 
e 

J 
1 

8 

i 

I 
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After  the  1064th  round  the  gun  was  star-gauged  while  hot,  and 
again  after  it  became  cold,  to  ascertain  the  amount  of  the  enlargement 
doe  to  the  heat  developed  in  firing.  The  table  given  below  shows  the 
enlai'gements  with  the  gun  hot  and  cold,  together  with  the  differences 
due  to  the  heat : 


Distance  from  tlie'mnzKle. 


linoh.. 
10  iDcbM 
26  inches 
36  inches 
46  inches 
56  inches 
60  inches 
65  inches 
70  inches 


Enlar  f^ements  of  the  bore  after 
1054th  round  with  the  gun. 


Hot. 


Inch. 
0.010 
.013 
.014 
.016 
.018 
.018 
.018 
.021 
.023 


Cold. 


ALTERATION  OF  MODEL. 

The  Board  decided,  on  March  12  and  Ajml  2,  1885,  to  recommend 
certain  alterations  in  the  model.  Subsequent  to  this  action  the  details 
and  outlines  of  the  3.2-inch  steel  breech-loading  rifle  were  changed 
and  settle'!  by  correspondence  between  the  Ordnance  Board  and  tbe 
Chief  of  Ordnance,  United  States  Army  ;  therefore  no  further  action  in 
regard  to  the  subject  has  been  taken  or  is  necessary  on  the  part  of  this 
Board. 

OPINION. 

The.3.2  inch  breech-loading  steel  rifle  has  been  "subjected  to  the  proper 
test,  including  such  rapid  filing  as  a  like  gun  would  be  likely  to  be 
subjected  to  in  actual  battle,  for  the  determination  of  the  endurance  of 
the  same,"  to  the  satisfaction  of  the  Board. 

RECOMMENDATION. 


The  Board  would  respectfully  recommend  that  the  3.2-inch  breech- 
loading  steel  rifle,  or  its  modification,  heretofore  mentioned,  as  a  suita- 
ble gun  to  ''  be  put  to  use  in  the  Government  service.'' 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

F.  H.  PARKER, 

Major  of  Ordnance, 
GEO.  W.  McKEB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance. 
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SMk,  Jf.  J.,/r»m  October  15,  1884,  to  September  15,  ISeS-^nutiuiliHl. 


]r«lr  aMal  aap,  (quiM,  ud  •TV-bolta  put  oo  o>nl*KS. 


f      Tked  Into  Mn-l-bntt.    l>e  BuiESsiM-cheok.    ItMiDtls3Tli-31G  inoluiilre  llml  far  rupltlU]  *□  37)  nlni 
\         Sbd  eloHd  Bud  Dpmfid  sully.    So  etskpt  af  gM. 
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Btoord  of  Itrt'V  with  3.3-lMt  bneek-loadiiig  f^fU  (ttfri)  «l 


Powdnr.      1       PntJMtllB. 

1 

1. 

^ 

i 

1 
> 

KinJ.      J      1      Kind. 

r   311  Nov.    1 

aiSNov.   1 

ai3 

^■o^■.   1 

314 

S-ov.    1 

317 

\-ov.    1 

31> 

N»v.    1 

1 

3ai 

Sov.    1 

3 

321 

Sov.    1 

* 

1 

Si; 

^■uv■.   1 

f 

1 

aJ3 

V«v.    1 

i 

1 

3^4 

•iuv.    1 

I 

3  8 

1 

XT' 

S'ov.     1 

■iM 

\-ov.    1 

? 

& 

a'.T 

v.lf.  1 

k 

:«B 

•(«.-.  1 

1 

N 

s^w 

:ov.   1 

[J 

a. 

1 

m 

S-ov.    1 

"1 

.ii.i 

i 

1 

3:» 

for.    1 

1 

33k 

\-ov.    1 

s 

Jii. 

Kov.    1 

3  8 

3i; 

Sm:    1 
fov.    1 

344 

3U 

S-OT.      1 

iztt.  [fiMt;nM.i 


u-.i-l 


r 
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,  N.  J.,fi«m  Oetober  15,  1664,  to  S^lembcr  15,  16d&— Coatlnasd. 


mihra  uat,  eiaioUicil,  Bad  tUir-R>uK^' 


Vl»4  IdIo  uudbuCt-    De  BiuigB  giU'Clicck.    G  uu  duacd  und  opened  euilj  ;  no  eacape  of  fia. 
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' 
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o^ 

io 

37B 
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1 

3 
3 

4 
6 
8 
7 
8 
9 
10 


Tablb  III. — Tabu  of  fires  to  obtain  ranges  at  different  elevations — Continaed. 

ELEVATION  OF  18  DBORBBS. 


Number  of  rounds. 


Mean. 


688 
589 
590 
591 
59*2 
593 
594 
695 
596 
597 


!  1885. 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 


I 


Feet. 
a26 
7.50 
8 
8 
8 

8.50 
7.75 
7.75 
7.25 
7.25 


7.825 


Seeondi, 
22i 
22^ 
22 

22 

224 

2ll 

22 

22 


22 


Yardt. 
6,150 
6,096 
6,090 
6.038 
6,090 
6.155 
6. 145 
6,031 
6,064 
6,108 


6,096.7 


Defleotion. 


Right 


Yardt. 


29 

80.50 

58.50 

79.76 

89.50 

79 

79.50 


35.35 


Left. 


Ywds, 
81 

30.25 
80.60 


ELEVATION  OF  20  DEGREES. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Mean. 


598 
599 
600 
601 
602 
603 
604 
605 
606 
607 


1885. 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 


7.6 

7 

7 

7 

7 

6.76 

7 

6.76 

7 

7 


24  + 


6.456 
6.472 
6.467 
6,506 
6.472 
6,414 
6,501 
6,564 
6,491 
6,448 


6, 479. 1 


1 
89.25 

99.75 

96.60 

101.50 

99.75 

99.60 

89.50 

101. 75 

89.50 

89 

95.6 

Table  IV. — Sapidity  of  fire.    X2-inoh  breech- load%ng  rifie. 


S 


e 


Number  of  fire. 


From 

rounds 

No— 


To 

rounds 

No.- 


Total 
number 
rounds. 


Time 
required 
forfiriiig. 


1 

276 

815 

3 

856 

406 

8 

710 

748 

4 

767 

800 

6 

805 

829 

6 

830 

854 

7 

856 

879 

8 

880 

904 

9 

905 

954 

10 

955 

1064 

11 

1055 

1100 

12 

1104 

1167 

18 

1209 

1250 

14 

1251 

1300 

15 

1362 

1386 

16 

1389 

1411 

17 

1412 

1483 

18 

1487 

1686 

19 

1537 

1686 

20 

1687 

1686 

21 

1637 

1686 

40 
60 
39 
34 


25 
25 
25 
25 
50 
100 


46 
64 
42 
50 
25 
22 
72 
50 
60 
50 
50 


Minutes. 
37.5 
79 
50 
50 


20 
18 
23 
23 
40 
90 


23 

60 

85 

45 

18 

12 

47 

82 

25 

28.5 

45 


Number  j 
of       I 
rounds 
fired  per 
minute. 


1.06 
.63-1- 
.78 
.68 


1.25 

1.39 

1.084- 

1.08-1- 

1.26 

l.U 


2.00 

1.06 

1.20 

1.11+ 

1.89 

1.83+ 

1.81+ 

L66-h 

2.00 

1.75+ 

1.11 


Remarks. 


Gun  being  sponged  out  after  each  ten  rounds. 

Including  tne  intervsl  after  round  786  re- 
quired to  sponge  out  gun  and  replace  beni 
elevating-screw  by  new  one. 

Gun  cleaned  out. 


Temperature  of  chase  of  gun  near  mussle 
3740  F.  at  end  of  firing.  Gun  star-gauged 
while  hot,  and  again  when  cold. 


'RtBimt.—Number  qf  rcunde  fired  per  minute. 

Maximum 2.00 

Minimum <^-^ 

MflMi : ^^ 


kI':poet  of  the  chief  of  osdmamce. 

Accord  o/firiag  tcM  3.2-iaet  bmeh-Ivadimg  t^l*  (*tatl)  m 
Powdsr.  PnjpctUi 
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tS-.i-i 
IS   ,-| 
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a..-i 

IS.,  -i 
IS.,   -i 
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13.. -i 

II..    t 
11..    t 
IS  .     t 
II..    1 
■>       1 

IS..     I 

t)..    1 
11..    1 
111..    1 
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I 
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Becord  of  firing  witk  Z.H'inck  hreeek-lomdimg  rf/le  (ftoel)  «l 


Powder. 


Projectile. 


5.     >% 


P.  M.— Barometer, 
tOiOSO;  tbermoin* 
•ter,40.7;  humid- "^ 
ttj.  77. 


«     Time. 

M  ■ 

B 


1884. 

418  Nov.  20 

419  Xov.  20 

420  Nov.  20 

421  Nov.  20 

I 

422  Nov.  20 

I 

423  Nov.  20 

424  Nov.  20 

425  Nov.  20 

426  Nov.  20: 

427  Nov.  20 

428  Nov.  20 

429  Nov.  20 

430  Nov.  20 
431.  Nov.  20 

432  Nov.  20 

433  Nov.  20 

434  Nov.  20 

435  Nov.  20 


Kind. 


436  Nov.  20 

437  Nov.  20 

438  Nov.  20 

439  Nov.  20 

440  Nov.  20 

441  Nov.  20 
44-J  Nov.  20 
443  Nov.  20 
445  Nov.  20 

445  Nov.  20 

446  Nov.  20 

447  Nov.  20 
44><  Nov.  20  j 
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BEPOBT   OF  THE   CHIEF   OF  OBDNANCB.  609 

Book,  y.  J.,  from  OeM«t  IS,  1684,  to  atpUmb^  16,  1666. 


Spwdal  remarki  about  MMk  Bn.  nob  u  aOkoton  pl«o«,  Mmodof  iirqjtotUe  Id  flight,  MMtoincof 


Onn  lODiuitel  on  iion  otrrias*  witli  •tiibuisd  oheab  (WatervUct  Anenal). 


Opened  and  oloMd  eull;.    No  HO*p«  at  gu. 


Opened  aod  oloaed  UHle  hard.    Ho  Moape  ot  gaa. 


.    Cloud  Itttle  hard.     No  aaoape  of  |ti 


Qno  waihed  oat,  eiamlnad,  and  sea^(c>1lIed. 
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Record  of  firing  with  S,2'i9eh  hreeck-Joading  rifie  {oteet)  fli 
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BEPOBT   OP   THE   CHIEF   OP   ORDNANCE.  511 

Sookf  N,  J.,  from  October  15, 1884,  to  September  15, 1885— Continued. 


SpeeUl  remftrks  about  each  fire,  sach  as  effect  on  piece,  soand  of  projectile  in  flight,  scattering  of 

fragments,  Ac. 


Hew  steel  eap,  squares,  and  eye-bolts  put  on  oarriagew 


Fired  into  fuind-batt.    De  Bangs  gan-check.    Konnds  27G-315  inclasire  fired  for  rapidity  in  37)  minutes. 
Gun  dosed  and  opened  easily.    No  escape  of  gas. 


BEPOBT  OF  THE   CHIEF  OF  OBDNAKCE. 
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B£POBT 
Mooky  N,  J,,  from  Ootoher  15, 


Speelal  remarks  »bont  eaoh  Are,  sach  m  effect  on  piece,  s 

fragmente,  Slc 


Washed  oai,  examined,  and  star-gaaged. 


fired  Into  sand  butt.    De  Bange  gas-check.    Gon  dosed  and  opened  easily;  no  escape  of  gaa. 


4626  OBD 33 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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REPORT   OP   THE   CHIEF   OF   ORDNANCE,  515 

Hook,  N,  J.,  from  October  15,  1884,  to  September  15,  1885 — Continued. 


Special  remarks  about  each  fire,  sach  oh  effect  on  piece,  suiiud  of  projectile  in  flight,  8caUetiag.'of 

f^^j;mentfl,  &o. 


I 
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'a 


S 
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^     Rounds  316  to  355,  inclusive,  fired  for  rapidity  in  42^  minutes. 

o  I  There  being  no  covering  on  asbestos  of  gas-check,  asbestos  squeezed  out  and  spread  over 

-  '     block. 

Gun  opened  little  hard  during  last  10  rounds ;  no  escape  of  gas. 


7* 

Gun  washed  out,  examined,  and  star-ganged. 


Fired  into  sand  butt.    De  Bange  gascheck  covered  with  linen  duck.   A  slight  burr  was  formed  on  Ibe 
rear  copper  baoid  of  mushroom  nead,  which  made  closing  rather  difficult.    No  escape  of 


Firetl  into  sand  butt.  De  Bange  gas-check  covered  with  linen  duck.  A  slight  burr  was  formed  on  Urn 
rear  oopper  band  of  mushroom  nead,  which  made  closing  rather  difficult.  No  esoape  of  gas.  Tina 
of  firing  lot  of  50, 1  hour  and  19  minutes. 


HEPOET  OF  THE  CHIEF  OF  OBDNAMCB. 
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Hook,  N.  J.,  from  October  15,  1884,  to  September  15,  1885— Continaed. 


Special  remarks  abont  each  Are,  such  as  effect  on  piece,  soand  of  projectile  in  flight,  scattering  of 

fragments,  &c. 
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Gun  washed  out,  examined,  and  star-gauged. 


Fired  into  sand  bntt. 
escape  of  gaa. 


I>e  Bange  gas-check  covered  with  linen  duck.    Closed  and  opened  easily.    No 
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REPORT   OF   THE    CHIEF   OF   ORDNANCE.  519 

Uook^  2i,  J,,  from  October  15,  1884,  to  September  15,  1885— Continued. 


Special  remarks  About  each  fire,  such  as  efteot  on  piece,  souDd  of  projectile  in  flight,  scattering  of 

fragments,  &o. 


Fired  into  sand  batt.    De  Bange  gas-check  covered  with  linen  daok.    Closed  and  opened  easil/.    No 
esrape  of  gas. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  linen  daok.    Total  time  firing  lot  ef  5#,  W 
minutes.    Closed  and  opened  easQy.    No  escape  of  gas. 
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Hookf  N,  J.,  from  October  15,  1884,  to  September  15,  1^185— Continued. 


Bpeolal  remarks  aboat  each  fire,  snoh  as  effect  on  piece,  sound  of  projectile  in  flight,  seatterlng  oC 

fragments,  Sec. 


Tired  into  sflnd  bntt.    De  Bange  gas-check  covered  with  linen  duck.    Total  time  firing  lot  af  M, 
minutes.    Closed  and  opened  easily.    No  escape  of  gas. 


Onn  washed  out,  examined,  and  star-gauged. 

'  Burst  on  striking  sand  near  target. 
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Burst  on  striking  sand  to  left  of  target. 


Shells  fired  in  rounds  456, 4.57, 458,  and  I 
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in  weight  given  to  shell. 


Burst  on  striking  sand. 


Burst  on  striking  sand. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  linen  duck.    Closed  and  opened  easUf. 
escape  of  gas.    Gun  mounted  on  siege-carriage. 


ir« 
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JiecDrd  of  firing  vfiih  3.8-iiieA  hreech-loadUig  ryU  (•toel)  «<  te^f 
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Hookf  N,  J.f  from  October  15,  1884,  to  September  15,  1885 — Con  tinned. 


Special  remarks  about  each  fire,  such  as  effect  on  piece,  sound  of  projectile  iu  fiight,  scattering  of 

fragments,  See. 


Fired  into  sand  butt.    De  Bani^e  gas-check  covered  witli  linen  duck.    Closed  and  opened  easilir.    Ko 
escape  of  gas.    Oun  monnted  on  siege-carriage. 


Trail  broke. 

Gun  mounted  on  iron  carriage. 


Fired  into  sand  butt.    De  Bange  gas^heck  covered  with  linen  duck.    Closed  and  opened  easiljr.    K« 
eHoape  of  gas. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  asbestus  cloth.    Closed  and  opened  easilj. 
No  es  cape  of  gaa. 
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Hook,  N.  J,f  from  October  15,  1884,  to  September  15,  1885 — Continaed. 


Special  remarks  aboat  each  fire,  each  am  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  &o. 


o       Right  brake  broke ;  repaired. 


I 

8- 


I 


■sot 

S. 


II 


& 


s 


9 

o 

a 
1 


i 

a 

1 
Deflection. 

Tdi. 

Tarda. 

Steel  carriage  previously  used  and  recently  repaired  at  Waterrtiet 

S 


•r  9 

^5 


Hook  of  left*hand  brake  broken  off. 

Left  brake  (belonging  to  old  carriage)  Jumped  off. 


.  Hook  of  right-hand  brake  broken  off. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.3-ifieA  hreedk  loading  rijie  («/ef/;  •!  Smli 


Powder. 


Projectile. 


9 

?     Time. 

o 

a 

•     0 


1885. 


KiDd. 


Wgt 


o  Si 
a  c 
0  a 

e  s 


Kind. 


A.  M.— Barometer, 
30.093:  thermom- 
fter.  20.9;  humid-' 
ity.  W. 


P.  M.— Barometer. 
29.974 ;  themiom- , 
eter,  25;    humid- 
itv.  66. 


A.  M  —Barometer. 
29.726:  themiom- 
vtcr.  2fl:    humid-' 
itv.  78. 


507  Mar. 

18 

3  8! 

508  Mar. 

18 

3  8' 

509  Mar. 

18 

3  8 

510  Mar. 

18 

3  8 

511  Mar. 

18 

3  8 

512  Mar. 

18 

3  8 

513  Mar. 

18 

3  8 

• 

514  Mar. 

18 

3  8, 

i 

515  Mar. 

18 

3  8 

a 

m 

516  Mar. 

18 

3  8 

S 

517  Mar. 

518  Mar. 

18 
18 

• 

■   3  8 
3  8 

> 

519  Mar. 

520  Mar. 

18 
18 

a' 

o 

i 

3  8 
3  8 

5 

9 

3 

• 

1 

1 

52i:Mar. 

1 

522  Mar. 

523  Mar. 

524  Mar. 
525.Mar. 

18 
18 
18 
18 
18 

i" 

>» 

i  1  • 

3  8 
3  8 
8  8 
3  8 
3  8 

526  Mar. 

18 

3  8 

eb 

527  ^lar. 

19 

• 

3  8 

s 

s 

528  Mar. 

529  Mar. 

19 
19 

4 

• 

a 

3  8 
3  8 

M 

c 

•3 

530  Mar. 

531  Mar. 

19 
19 

0 

3  8 
3  8 

s 

B 
1 

532  Mar. 

19 

3  8 

M 

• 

533  Mar. 

19 

3  8 

•0 

e 

i 

534  Mar. 

19 

3  8 

.^15  Mar. 

19 

3  8 

1 

5.16  Mar. 

19 

3  8 

537  Mar. 

19 

3  8 

538  Mar. 

19 

3  8! 

539  Mar. 

19 

3  8i 

,"40  ^Inr. 

19 

3  fr 

541  Mar. 

19 

3  8 

,'>42  Mar. 

10. 

3  ^, 

Wgt. 


«  I    I 


13. 
13. 
13. 
IS- 
IS. 
IS. 
18. 
IS:- 
13. 
13. 
13. 
13. 
IS. 
13. 
IS. 
13. 
13. 
,'  13. 
13. 
13. 
U. 


I 


i 


13. 
18. 
IS. 
18. 
18. 
IS. 
13. 
13. 
13. 
13. 


I 


13. 


I 


I    : 
IS. 

u. 


o    I 
2 

2 

3 

2 

2 

2 

2 
4 


I    2 


&e  II 


LU.  #wr.  iWr.. 

AOU 


8 
8 
8 
8 
8 
8 


.     9. 00. 

.10.09 
...  10.M. 
...18.l^ 
...  10.00 
..  .18.08, 

..;10.00| 
..    10.00; 

..10.00' 

..12.001 

,.    aoo 

..  ft.St' 

..  8.50 

..  8.50: 

..  8L98' 

..  8.58: 

...  8.08 

..  8.58 


> 


a 
■ 

I! 

i 


a 

f 

S 
9 


a 


c 


9 
s 


i 

i 


9 
C 

s 

I 


I 
1 

J 
I 

i 

i 
1 
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k,  a.  J.,  from  Oeiober,  15,  1884,  to  SepUmher  15, 1885— Con  tinned. 


Special  remarks  about  each  fire,  anoh  as  effect  on  piece,  soand  of  projectile  in 

flight,  scattering  of  frajrracnts,  &c. 


I 


1. 57^ 


i    1.506 
V    1.5» 

i  1,584 

I  1,6001 

'  1,571| 
l,578j 

'  l,580j 

>  l,00Bi 

}  i  2,370 

I  '  2.3«3 

II  I  2.»1| 

tr  2,305' 

H  !  2,350 

I 

H :  2,350; 

Hi  2,376' 
«i  I  2,37a 

h!  2,371! 

I  I 

«i     2,348' 

9   '  3,037 

9      3.038' 

B   '  3,030; 

^1  3.045! 

8  {  3,054' 
H\  3,0431 
»  j  3,0421 
H\  3,028! 

9  13,022; 
«l  I  3,024; 

Hi    3,633! 

I 

IH  3.6831 
lli  3,634! 
^i  3.632 
3.6tt 
3^611 


"4 


Fordf.  ! 
I  rtgbt 

I  right 

I  right 

lileft 

2|left   , 

irighfl 

i  right 

I  right 

I 
0 

I 

Ul«f^  I 

0  i 

0 

2i  right! 

0 

fright 

2t  right 

2i  right 

2i  right 

2|  right 

ilefl 

Ulefb 

Uleft 

0 

Uleft 

Uleft 

0 

0 

0 

0 

Uleft 

7    right 

7    right 

7   right 

7  right 
e  right 

8  right 


o 


1 

► 
o 


'  Axis  of  gnn  14.3  feet  above  sea-level. 


•^  Right  hand  brake  broken  off  at  shank. 


I 

•s 

■S 

I 

ft 

o 
o 

§ 

p 

B 

« 

& 

m 

i 

o  o 

'S  i  j  '^  No  brakes  on  carriage. 


£  New  brakes  put  on. 

1 


J 


«  Left  hand  brake  broke. 

to 

"Z  Right  hand  brake  broke  at  hook. 


^Repaired  brakes  put  on. 

o 

c  Right  band  brake  broke. 

M 


1 


5 


s 

bS 

a 
S 

is 


^  Axis  of  gun  12  feet  above  nea- level 


I- 


'3  Rivet  of  transom  of  trail-chest  broke. 

*  a  S 
««,  Hinge  for  trail-chest  broke. 

V4    > 


S4 

M 


H* 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE. 


Het-ard  of  firing  with  3,2-iKck  brtedt-loamng  rffie  (t/etfQ  ^ 


Powder. 


Prqjectile. 


JL.  M.— Barometer, 
29.720:  thermom- 
eter. 20:  hnmid- 
Uy.78. 


P.  If  .—Barometer, 
30.242;  thermom-, 
et4r.,'i7.7 ;  humid- 
Ut.44. 


ill  -  Time. 

e 

s 


'     1885. 

543  Mar.  19 

544  Mar.  19 

I 

545  Mar.  19 

540  Mar.  19 
I 

547  Mar.  19, 

548  Mar.  19; 

549  Mar.  19| 

STiO  Mar.  19I 
I 

551  Mar.  19! 

552  Mar.  19, 

553  Mar.  19| 
I 

554  Mar.  19; 
I 

555  Mar.  191 

550  Mar.  19, 
557  Mar.  19 

i 

(    558  Mar.  24 

:  i 

550  Mar.  24 

500  Mar.  24 

I 

501  Mar.  24^ 

502  Mar.  24* 

503  Mar.  24 
504|Mar.  24* 
505.  Mar.  24 
500  Mar.  24 

507  Mar.  24 

508  Mar.  24 

509  Mar.  24 
.  570  Mar.  24 
I  571  Mar.  24 
I  572  Mar.  24 

573  Mar.  24 

574  Mar.  24 

i 

575  Mar.  24 
570  Mar.  24^ 
577  Mar.  24 


Wgt 


-I 


Kind. 


o 

1 

0 
a 


S 

"3 
a 

& 


e 
e 


0 


s!a< 


Kind. 


I  3  8j 

=  ! 

j  3-  8- 

-  8'  8' 

■    ;  ! 

8  8 

.  3.  8 


.1  % 


3,  8 
8  8 

3;  8. 

J  J 

8   8 


i  ^1  ^ 

<|3  81 

•3' 8 
1     j  " 

!  3'  8 

13  8 


8  8 
3  8 
8  8 

v| 

3  8  1 

,     I 

3  8 

I 
3  8 

i      I 

3   8 


3 


V 

> 


s 


S" 

I 

CO 

& 


•c 
K 

M 

I 

I 


'  3   8 

I     i     I 
I  8   8 

I     -     ' 

\V 
3  8 

3;  6 

['  9   S) 


•2  * 


:wgt 


iiij  i 

11:0/ 


'13...  8 

I     I     I 

13..<  8 
;    t 

:i3..;  8 

:is...'  8 


5^ 

o  o 
-  y 


1^  I 


I  •»  0 

t  b£  ■ 


M.J  10 


I.,' 


10 


13..    10 


18j..    10 


il3 

IS 

18.. 

18 

13 

13 

13.. 


IS.. 

;       I 

18.. 

!   i 

f  18-. 


13. 
18.. 


"r- 

18.. 


18.. 


12 
12 
19 
19 
19 
19 
IS 
19 
12 
19 
19 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


Lb9 


1 

iis 

1 

1 

..:io 

!» 

..  i« 

.ij 

..1. 

13 

Jm 

U 

I 

i 

I 


.!  &00 

!        I 

:  ^^1 

8.25 

I  I 

.'  7.75 


iLOt 

!        I 
'  7.75 

aoo 

8.00 
8.9S 
8.2s 


!  &M 

a5o 

8.  soli 

8.00 

7.90 
8.00 


8.08 
8.01 

Km 

8.01 
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% 
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I 
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I 
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J 
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Hooky  N.  J,,  from  October  15, 1884,  to  September  15,  1885— Continued. 


U3 
611 


O 

a 


S 

a 


• 


Sees. 

Ill 

i 

Hi 

i 

Hi 

13i 
14 
13| 
134 
131 
13{ 
13| 
13} 
13i 
14 
Lost 
154 
154 
15} 
15} 

151 
15i' 
15} 
15} 

15} 
15l! 

17|! 
18  > 

17} 

r 

I 

18 

18 

171 

17} 

17} 

18 

17} 


Special  remarks  about  each  fire.  Anch  ns  effpot  on  piece,  sound  of  projectile  in 

flight,  scattering  of  fragments,  Slo. 


Td».  '    Tarda. 
3,653     6    right 

!  I 

3. 642  6}  ri^ht 

3. 643  64  right 
I 

3,622     8    right 
I 

4. 165  12}  ri^sht 

4. 166  12}  right 

4,156   13    right 

4,128   18    right 

I 
4. 143   174  riglit 

4. 165   12    right 

4  155   12}  right 

4. 155  17}  right 


4,128 
4,144 


18    right 
174  right 


V 

K 

« 
a  . 

Q 


u 

9 

a 


>■  Axis  of  gun  12.9  feet  above  sea-leveL 


-I 

-c  9  }  Axis  of  gun  12.7  feet  above  sea-level. 

21 

''J 

0^  at 

=  a 

o 


O 


V 

a 


is 
> 


1 


4.789  48}  left 
4,813  49}  left 
4.853  45}  left 
4,839  45}  left 
4,838  454  left 
4,832  45}  left 
4.847   45   left 

4.790  44  left 
4,801  49}  left 
4,838  454  left 
5,268  37}  left 
5.314  294  left 
5,248  29  left 
5, 285|  29}  left 
5. 285'  29}  left 
5. 284;  29}  left 
5,248!  29  left 
5, 224:  28  left 
5,298  374  left 
5,251   37}  left 

4625  OKD 34 


^  Axis  of  gun  13.2  feet  above  sea-level. 


» Axis  of  gnu  13.7  feet  above  sea-level. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-ifieA  hrtetk-loadimg  rifie  (9t€el)  if  Sm^ 


Powder. 


Prqjeotile. 


S  .  Time. 


Wsti 


I  J 
;  S 


Kind. 


I 


Kind. 


P.  M.— Baromoter, 
30. 24 J:  tbeniiom- . 
eter,;i7.7;  buiuid-' 
ity.  44. 


P.  M.— BammetiT, 
So.iOii:  thfinioiii- 
oier.  3rf.l;huiiii«l-' 
ily,  46. 


\  578  Mnr.  24  1 

!       I 

I  579  Mar.  24 

'        I 

58o'Mar.  24 

581  Mar.  24 

582  Mar.  24 

i 

583  Mar.  24 

584  Mar.  24 

585  Mar.  24 
I 

586  Mar.  24 

587  Mar.  24 

588  Mar.  24 
;  589  Mar.  24 

i  590  Mar.  24 

I 

!  591  Mar.  24 
:  r>92  Mar.  24 

593  Mar.  25 

594  Mar.  25 
;  595  Mar.  25 
I  596  Mar.  25 

597  Mar.  25; 

598  Mar.  25 

I  599  Mar.  25 

I 
600  Mar.  25 

I  ■ 


601  ^far. 

25 

a 

o 

602  Mar. 

25 

Q 

603  Mar. 

25 

604  Mar. 

2:) 

605  Mar. 

25 

GOCMur. 

25 

607  Mar. 

25 

608  Mar. 

25 

609  Mar. 

25 

610  Mar. 

25 

611  Mar. 

25 

612  Mar. 

25 

613  Mar. 

25. 

a 

9 


C 


a  c 
ic  a 
•S^  O 


^         ! 


S 


■ 

a 


3   8  1 

3'  8 

I 
3  8 

3   8 

3   8 

I 
3   8 

3  8 

3   8 

3   8 

I 
3  8 

3  8 

3   8 

3  8 

I 

3.  8 

3!  8 
3:8 

3  8 

I 

3;  8 

I 
3   8 

I  3   8 

I 

I  3;  8 

i       I 
:    3     8 

I  3.  8* 
'  3  8 

'  3   8 

I 

3   8 

I 

3   8. 

3   8 

i 

!  3  8 

3  8' 

3  8 

3  8 

8  8 

3   8 

I 
13   8J 


£ 

•a 

a 

I 

► 

c 
•a 

■^ 

•A 


B 

m 

89 

a 


4) 

•2 


a 

M 

C 

•a 

a 

2 


! 

so  9 

a  a  -  K 

3  ■  Ji 

Oi  H 


:H   Is 

I      b     ^  =  I 

'^c  If. 

■M    8* 


£ 


■  1-3  .1?:;  1 


£,3  ISS 


a 

It 


a 


18.. 
,13;. 

13. 
|13.. 


I 
13. 

13. 

I     ■ 
13. 
I     I 
13'.. 

'll. 
13:.. 

13.. 
13  .. 

18.. 

I 

13;.. 
13 
13 
13. 

18.. 
18. 

18.. 
is!.. 

H 

181. 

.3! 

I 

is; 


O      ' 

16 


Lb9.\FmL  F9eL 
&25. 


16 
16 
16 
16 
16 
16 
16 

:  ^* 
16 

'  18 

lis 

,18 

.  18 

=  IB 

18 

.    18 

18 

18 

18 

20 

20 

20 

20 

20 

20 

20 

13!.. I  20 
I 
.1  20 

.!  20 
20 

20 
16 
16 
IS 
18 


13;. 

I 

13'. 

isL 

13;.. 
I 

13.. 

H 

18... 

(Jul.. 


I 


!.•••«•   |.   *. 


I 
t 

I 


!  8L00 
\  7.7* 
■  8L08 

8LS5 

I 
&90, 

8L25 

&25 

&08 

&S3 

8LS5 

7.60 

8L00 

&00 

&00 

&80 

7.78 

7.7i 

7.88 

7.SS 

7.80| 

7. 881 

7.88J 

7.88! 

I 

7.88 

6L7S| 
7. 


1 


7  M 


I 


f 


T.88, 

ass; 

7.» 

7. 

& 

T.8S 

T.88J 


I) 

B 
0 

a 


E 

i 


1 
\ 

J 


•i 

J 
i 


i 
I 


REPORT   OF   THE 


N,  J, f  from  Oclobtr  15,  lri84,  to  September  15,  1885 — Continaed. 


a 

a 

o 
• 

s 
< 


I    II 


oe 


S 


a 
c 

P 


Special  remarks  nbout  each  fl 
Joctile  iu  fll>:ht,  sl. 


Yd$.  Tarda. 
5,  7U?   234  I«lt 

5,708   234  left 

5.671    23ileft 

5. 608!  234  Ivtt 

I 

5,684|  38  left 
5, 7021  384  l«ft 
5,671,  23 J  left 

5,  71Gj  38i  left 
5,684  38  left 
5,667    23    left 

6,  150   31    left 
6,096   301  lift 
6,  090   304  left 
6,038   29    Hiiht 
6.  09U    304  »iK^>t 


» Axis  of  gan  13  0  feet  Above  sea-level. 


s 

tt 

£ 

c 


X  >  Axis  of  gun  14.2  feet  above  sea*level. 

4. 


6, 155   584  ripht;  i   S 
6,  145   79J  ri^ibt  I  ^ 


6,031  894  ri<;t>t 

6,064  79    right 

6, 108  794  ii>:ht 

6,456  89i  ri^ht 

6,.47J  99i  right 

6,  467  96^  right 
6,506  1014  right 

6,  472  99}  right 

6,414  994  ii;:ht 

6,  501  894  right 
6,564  101}  right 

6,491  894  right 

6,448  89    right 


Axis  of  giiQ  13.2  feet  above  sea-level. 


> 

•J 

^•^ 

a 

> 

08 

*A 

•u 

TO 

^     Block  utiick   in  carrier-ring- 
2        Strew  for  catch. 

Cm 

,     During  this  firing  all  the  sniall  rireta  for  tran"' 
H        chest  uu  left  Hide  l)roke  off,  as  well  as  right  ri 

< 


24  20 


S" 


\  Fired  at  target  50  feet 
from  gun  loa-scertwin 
angle  of  jump. 


20  45 


REPOBT  OF  THE  CHIEF  OF  ORDNANCE. 

S»cord  0/  JSring  trilk  3.2-larA  frrr«rlk-I«a An;  rijl»  (tfMO  K  a 


"  '  Time, 


P.  M.— a-im 

cter.sk.!;! 
Hy.M. 


I  Oil  liar 
618  Uor.  »  I 


""■'"  1  ■ 


i 

...' 

A.i 

>ig-.     3 

A.1I.'  K5M.r.  SS. 

;ji,. 

P.U 

ft!?:  Apr.     1 

6 

eiSApr.     1 

1      ' 

«.-»Apr.     1 

s     ■' 

MO  Apr.     1 

lili' 

MIApr.     1 
es-JApr.     1, 

n: 

03  Apr.     l{ 

<     :■ 

6S4Apr.     1 

M       !^ 

63.1  Apr.     1, 

J  ;> 

MBApr.    1. 

i 

=  i 

Ltt.  FMt.  fn« 


,i.«i  ».w  l£j?jj' 

..,,.*I.S»1    *.I7  [iJ-'] 
i  I  Jili'l 


..[i.aiT  lu 

Jul 


"  i;i 


I,  Ml  m' 
i.ai&  1.1$' 


..  I,SM  Ltt 

.  i,SN  lh; 
..  i,in|  m 
..l<n'i.<i 
..'■.Hi  a.  11 
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Hoolc,  N,  J.,  /torn  Ocloher  15,  1884,  to  Sepitrnhei*  15,  1885— Continued. 


fejD 

o 

a 


iSee'df 


Special  remarks  abont  each  Are,  such  an  effect  on  piece,  sonnd  of  projectile  in  flight, 

aoatteiiug  of  fragments,  &c. 


>  22  15  >  Fired  at  target  50  feet  iVom  gun  to  ascertain  angle  of  jump. 

\ 


20    0 
Gun  mounted  on  30-poander  Parrott  carriage. 


*  Firod  at  mile  target    Sightin  g  shots. 


J 


Fired  at  mile  target.    Sighting  shot. 


Distance  fiom  center  of  target 
in  feet. 

Distance  from  center  of  impact 
iu  feet. 

Vertical. 

Horizontal. 

Vertical. 

Horizontal. 

Above. 

Below. 

Right. 

Left. 

Above. 

Below. 

Right. 

Left. 
6.47 

0.60    

ILOU 

1.63 

5.00 

1  08 

1 
i 

•  •••••  •  • 

2.87 

6.21 

Under  target. 

4.84 

5.75 

2.21 

1.22 

5.00 

a  00 

2.87 

1.53 

1.34 
0.18 

9.00 
1.00 

0.79 
1.95 

4.47 

3.53 

0.32 

8.00 

2.45 

1.53 

1.00 

1.68 

5.17 

1.13 

0.64 

0.32 

17.36 

37.02 

7.95 

7. 95       12.  80 

^    12.80 

17.04-^ 

8=2.13 

86124-1-8=4.53 

15.90-^8=1.99 

25. 60-4-8=3. 20 

> 


hdi, 

eS  £  > 
dua 

t  (0  -* 

08      W 
©  II  O  • 


Mean  vertical  deviation  from  cen- 
ter of  impH<'t.  1.99  feet. 

Mean  hi>rizontal  deviation  from 
center  of  iiiipiict,  3.20  feet. 

'Mean  devtafinn  from  center  of 
impact,  3.77  feet. 
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Record  of  firing  ivUh  ^M-invh  bi^etch-loadimg  rifle  {nietl)  cl  ^ttf) 


Powder. 


I 

2  .  Time. 

o  i 


637 

I 
6.> 

I  64(> 
i  641 


64. 

64^t 


644 

64:> 


1885. 
Apr. 

Apr. 

Ai>r. 

Apr. 

A)ir. 

Apr. 

Apr. 

Apr. 

Apr. 


Kind. 


646  Apr. 

647  Apr. 
I 

648:Apr. 

\  649  Apr. 

650,  Apr. 

P.  M. — Barometer,  «>  •  I » ^„ 
80.265;  thermoiii-  ,  «»*,AP'^- 
et^r,  4U.7 ;  humid-  "^    «.,  .  „. 

653  Apr. 

654  Apr. 

655  Apr. 

656  Apr. 

657  Apr. 

658  Apr. 

659  Apr. 

660  Apr. 

661  Apr. 

662  Apr. 

■  663  Apr. 
I 

664  Apr. 

665  Apr. 

666  Apr. 


2 
o 

2 

2 

2 

2 

2 
•» 

2 

2 
•> 

I 

2 

i 
2 

I 

I 

2: 


2 
2, 

2 

I 

2 

I 
2 

2 

2 

2 

o 

to 

I 
2 

1 

•> 

*» 

2 
2 
2 
2 


o 
o 

B 
C 


3 


3 


.>  i? 


c 
a 

P 


t4 


a 

3 


Wuti 


X  . 

a-o 

C    9 

-I 
I 


3  8 

3  8 

-'!  ^ 

a,  8 

I 

•j;  h 

3  8 

3-  8 

3  8 

3  h 

3*  8 

3.'  8 

I 

3'  8 

\  ** 

3  8 

3  8 


8 
8 
8 
8 
8 
8 


3   8 

I 

i  8  ! 

3   8 

I 

3   8 

3  8 

I 

i  3  8 

I  I 

I  3-  8  J 


rs 


t 


a 

a 
o 

.^ 
J 


a. 
« 

a 

m 
•5 


a 
« 

a 

X 

M 


Pn)Jeftile. 

Kind.       J    . 

s   ; 

s  c 

o   = 


f  13.. 

13  . 

1:1:. 


13: 


I     I 


13.. 

I    ! 
13,..: 


13 
13 

13.. 
13... 

i 

13.. 
13.. 

13.. 

I       I 
13.. 

I 
13.. 


I 


13 
13 
IS 

IS 
IS 

[ 

13 
13 
13 
13 
13 
18 
18 


.  .1 


*■  5 


i  :?l 

>      ■    'JS 
£     '   Z  '- 


Z  I  r 


18.. 

I  18.. I 


o   '  ,  Lbs 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


•Feet 


i 
I 

-  •  ■  •  • « • 

•  •     •      •  • 

•  •     •     ■  ■      •     • 

•  •     *  •     •     « 

•    •***•  ••••• 

••••••  ■••■• 

•    «     •     •  «     •               • 

I 

I 

I 

I 


£     ' 

'  "-!■ 

■fW/l 

[-0  Ui< 
ll.5> 
10.  t>! 
10.  Ul) 

10.  uu: 

■ 

11.2.-. 

0.0:: 

10.  .'-O 
11.67 
fl.50 

8.0U 
12.00 

0.50 
11.67 

0.23 

!  8.25 

I 

j  8.25 

■11.00 

I 

:10.67 


■ll.fiO 
8l» 


I 

I 

;io.s3 

I  8. 00 
.  9.50 

;  8.00 

''  K88 

'  &00 

&08 

&00 


cZ 


\ 


t 
1 

o 

I 
g 
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Hook  J  N,  J,,  from  October  15,  18S4,  io  September  15,  1885 — Coutinued. 


Special  remarks  aboat  each  fire,  such  as  effect  on  piece,  sound  of  projectile  in  flight,  scattnring  of 

fragments,  &c. 


Roand  637.    Gnn  mounted  on  steel  field-carriage. 


a 
*e 

p 
3 

S 

a 


Angle  iron,  riveted  to  under  side  of  cheeks  of  carriage,  broken  on  both  sides  and  cheeks  distorted. 
Gun  mounted  on  old  iron  field-carriage. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  :i2-ti*G^  hrfeeh-loadimg  rifle  (9teel)  cf  Mf 


A.  M. — Barometer, 
80.12:{:  tlieimoin-i 
eter,  33.4;  humid 
ity.  71. 


Powder. 


Projectile. 


2  '  Time,  i 

o 

a 

9 


Kind. 


.    1885. 

6«7Apr.  0 

!  I 

668  Apr.  9. 

609  Apr.  9 

;  070  Apr.  0 

671  Apr.  0 

672  Apr.  9 

I 

673  Apr.  9 

I  674  Apr.  9 

,  675  Apr.  9 

I  676  Apr.  9 

f  677  Apr.  9 

678  Apr.  9 

I  679  Apr.  9 

68o'Apr.  9 

681  Apr.  9 

682  Apr.  9 
I 

683  Apr.  9 

I  684  Apr.  9 

',  68.%  Apr.  9 

''  686  Apr.  9 

t  687  Apr.  9 

j        ' 

I  688  Apr.  0 

.  689  Apr.  9 

090  Apr.  9 

P.  M.-Barompter.     '  ^^  ^^^'  ^ 

«-tiM.:t:U;  humid -^    «*^- ^pr.  9 

**^ '  "^-  69:i  Apr.  9 

094  Apr.  9 

095  Apr.  9 
090  A  pr.  9 
697  Apr.  9 
6<i8  Apr.  9 
099  Apr.  9 

700  Apr.  G 

701  Apr.  9  J 


a 
o 

9 

a 
2 

a 


m 

a 


& 

m 


a 
o 


Wgt 


a  Z: 

o  a 
o  9; 


3  8 

I 

3.  8 

i  I 

3  8 

3  8 

i  8  8 

■8  8, 

I    ■  ' 

8  8 


Kind. 


:  3 
3 


8 

8 
8 


3'  8 

I 
3  8 

sis 


8 


i  3  8 

'     I 
I  3   8 

Is!  8 

I     I 
^  I  3;  8.  > 

I  3:  8 

3  8 

i  8  8 

I 

!  3  8 

'3  8 

:  3  8 

'  3  8 
8  8 
3  8 

■  3  b 

:3. 


3  8 


3  8 

;  3  8 

3  8 

;  3  8 

!  3  8 


s 

a 

a 


« 

§ 

CO 

I 


• 
.a 


8 

s 

■c 

1 

M 
« 

0 

i 
I 


Wgt 


I 


I?  .^i' 

ii  li! 


-      '     § 


-3  a 


5     gc; 
E'S"  -5 


•a 
o 


^ 


IS. 
13. 

13. 

I 

13. 

I 
I 

18. 


IS". 

t 

13. 

I 
13. 

I 
13. 

I 

13. 
13. 

13. 

I 
13. 

I 

13. 
13. 

13. 

I 
18. 

I 
13. 

I 
13. 

.,!. 

I 
13. 

I 

i'V 

|ia,. 

;4 

lis: 


ilS 
13 

lis 

18 
13 

is 

13 
13 
i  IS 


I  o     ' 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


I 

Lba,  FmL  JWr. 
&7S 


! 

' 



»             I             f             t             •             • 

1          •          t          •          fl          ft 

•  *  •  » 

•  • 

I  &S51 

I  * 

.'  &50 

.>af7 

.   &50 

lasu 

&f7 
&f7 
Ri75 
&5« 
&S0 
fLSO 
fLZS 

&at 

&f7 

i.nj 


t 

E 

s 


I 

a 

a 

J 
I 

i 

m 

i 

■ 

I 

I 


s 

« 
e 

5     I 


■c 

a 


<i 


■-  I 


REPOET  OF  THE  CHIEF  OP 
Took,  y.  J.,/roM  Oolobtr  15,  1894,  t<i  September  15,  18^i5— Continaed. 


If  Mrew  repU«d  b;  dsw  oi 


BleT«tiDir  (crew  tw Dt. 
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RKPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  \nth  Wi-iiich  hreech-loading  rifle  {sifel)  a/  Sawij 


A.  M.— R.in>m«»ter. 

3U.  Il'>:  tll«'lll|i>ni-  ,' 
vtvv  40.8;  huitiid'^ 
it  V.  100 


Powtler. 


Pmjei'tile. 


C:      Time. 

c 
u 

7o2  Apr.  15 

70 ;  Apr.  15 

704  Apr.  15 

705  Apr.  15 
7(K>  Apr.  15 
7o7  Apr.  15 
7i'H  Apr.  15 
709  Apr.  15  ^ 


Kiud. 


Wpt 


c-  c: 


Wgk 


KiDd. 


«  3 


-    I 
5  =    ^ 


z  -5 


3  8 

\\  S 

3  H 

3  8 

3  « 

3  8 

3  8 


3   8  J    i 


— »-  u 


?-2  3 


S"^ 


^3    *^    ^ 


r  13 

13 
13 
13 
13 
13 
13 
13 


a 
■   c      t; 

£5     K 


1=  i^- 

«  £     -r  3  ■ 


o  '     IM.    Ftet.  Feet 


0  7 

0 

0 

0 

0 

0 

0 

0 


,  7.  UO 

,  "OS 

7.50 

1(1.00 

U.M 

'it.  50 

17.00 

17.00  I 


e 
m 


e- 
St 


^ 


3 
C 


P.  M. — Rj4n>nieter. 
30.001:  tht'iiiioin- 
«t.r.  41.:i;  humid' 


I    710  Apr.  1 

15 

3   8 

r  •'.- 

711  Apr.  ] 

15 

3   8 

• 

13|. 

•  71J  Apr.   ] 

15 

3   8 

a 

13 

713  Apr.   1 

15 

3   8 

m 

13. 

714  Apr.  1 

15 

3   8 

0 

13, 

715  Apr.   ] 

13 

• 

3   8 

13  . 

716  Apr.   ] 

15 

3   8 

.13 

■     1 

717  Apr.   1 

15 

0^ 

3   8 

9 

2 

;13. 

i    ■ 

718  Apr.  ] 

15 

a 

3   8 

!l3. 

719  Apr.  1 

1.5' 

i 

3   8 

0 

■13. 

7J0  Apr.  1 

15 

3   8 

•           .13. 

721  Apr.   1 

15 

►    i?    > 

3   8 

1 

a 
>    1 

13. 

72J  Apr    ] 

15 

c 
a 

3   8 

?  r' 

72:{  Apr.  ] 

l'. 

3    8 

!l3. 

1 

7J4  Apr.  ] 

15^ 

3   8 

^ 

.13 

725  Apr.   ] 

15 

u: 
^ 

3    8 

?3 

13. 

7 jn  .\  pr.   ] 

15 

* 
•J 

a 

3   8 

c 

-a 

13. 

727  A  pr.   1 

15 

3    8 

a 

13. 

72rt  Apr.   ] 

15 

3   8 

a 

1 
1.1. 

7-29  Apr.   ] 

15 

3   8 

0, 

H 

13. 

7;{0  Apr.   1 

15 

3   8 

a 

13 

7.11  Apr. 

15 

3   8 

.0 

t 

13. 

7:i2  Apr.  ] 

15 

3   8 

1 

13 

7.{;i  Apr.  1 

15  J 

3   8J 

.  13. 

0 
0 
0 
0 
0 
0 
0 
0 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 

• 

0 
0 
0 
0 
0 


1 

1 

1 

i ' 

1                        j 

1 

: .. 

1 

1 

•    •  •  • 

•  •  • 



10.50  1 
11.75 
10.50 
10.50 
11.00 
11.50 
10. » 
ill.  50, 

11.25' 

I 

.10.  S" 

.10.50 

10.25 

10.25 

10. 1*5 

10.75 

10.00 

il0.00 

10.25 

10.25 

]a25. 

10.00 

10.2:^ 

laov 

I 
III  Mi) 


> 


a 

e 
■ 

i 
1 

m 

C 

Jk 

X 

a 
m 
I. 
« 

t 
i 
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ifoot,  f/.  J..fnm  October  ir>,  je*t,  lo  StpUmber  in,  1885— Continued. 

UitiDcwfnnBOFnteroflmpHt, 
latkM. 

TwUittL  BfiriioBUl. 


Til  Ml  lU  Ur^t  no  ftal  fTDiDpua.    Sl^briag  vhot. 


.n 

DM 

.» 

0.28 

a.«; 

0.5a 

o.w 

0.  t8 

0,7! 

0.W 

P.U 

ftr 

1 

lie::: 

0.M 

<I.M 

*" 

1 
1 

^lulTZT 

B.3S 

I.SS 

0.S5 

D.flS 

I.M 

a.I5*7=D.4B 

tS3* 

=1LU 

I.M* 

=o.w 

8M* 

=:ft«S 

III 

i 


cnnler  of  ImuL't.  D.U  r>-ut. 


LI-fD   ttom  oeular  Ot 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE 


Ii*iord  of  firing  with  X^i-inck  hrteek-Ioading  rifin  (•ferl)  «<  Sni§ 


«.      Time. 


■   t 

1:.. 

1885 

734  Apr.  15 

735  Apr.  15 

736  Apr.  l!i 

737  Apr.  15 

738  Apr.  15 
'  739; Apr.  15 

P.M.-Baromotor,    , '"^OApr.  15 
«»ter.41.8;huiuitl-i     '*!  Apr.  16  >     :?     S    '   « 

:  742  Apr.  15 

743' Apr.  15 

I    ^         I 

I  744  Apr.  15 

745  Apr.  15  1 

746  Apr.  15 

747  Apr.  15 

748  Apr.  15 


ity,  8». 


A.  M. — Bnrometer, 
29  !).*).'>:  thi'mioiii- 
t*ler.,V>.4;  huiuid-^ 
ity,  4J. 


749  Apr.  16 
7r)0Apr.  16 

751  Apr.  16  ; 

752  Apr.  16 
75:J  Apr.  16 
754  Apr.  16 j  i    T} 


75."»Apr.  16i 


I 


I*.  M. —  B.nrom<»tor. 
29.!»r)*«:  tin  rinorn-^ 
f*t«T.  .'»5.4;  humid 
it\.42. 


75r.  Apr.  ir.j      -* 
7o7  Apr.  16i^ 


I 


REPORT   OF   THE   CHIEF   OF 


f.ffrom  October  15,  1884,  to  September  15,  1885— Continaed. 


aarks  aboat  each  fire,  such  as  eff'^ot  on  piece,  soaod  of 

Iragoieuts,  &c. 


710  to  748  were  fired  in  50  uinates,  pin  beiniif  sponged  oat  after  each  10  roanda. 




_  __ 







1     Gun 

monnted  on  80  poo 

•ora  renter  of  tar;;et, 

Distance  from  < 

-entt^r  of  impact,   j 

Parrutt  carriage. 

in  fret. 

in  t 

Vet. 

1 

1 

• 

Horizontal. 

Vertical. 

Horizontal. 

low.     Ri::ht. '    Left. 

Above.    Below. 

Right.     Left. 

1.  50  i      2.  60 

0.81 
0.81 

2.92    

2. 24 

• 
a 

t.  50  I 



2.5<) 

•.00 

0.75 

2.31 

0.40 

• 
mm 

1 

a 

19S 

0  33 

2. 07      

0.59 

t.00 

0.16 

3.69 

0.42 

LOO    

3.00 

2.31 

....*• 

2.74 

f3 

M 

o 

M 

odor  target. 

9 

OS 

S 

i  50 

•     2  %i 

0.81 

2.60 

1.06 

m 
•a 

1.00  i 

1.32 

0.69 

.A* 

1 

1. 48  1      5. 49         7.  57 

7.05         7.05 

6.  53         6.  53 

— 

L31 

2.08-i-8=:0.26 

14.10-8-8=1.76 

13.06-4-8=1.63 

J 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


liecord  of  firing  tritk  3.'i-iwcA  hreech-loading  t\/U  (tteel)  «f  Satdg 


I 
2  ■ 
S     Time. 

o    ' 
u 

.a   ■ 
B 


Powder.      [      Projectile. 


Kiud. 


1885. 


768  Apr.  21' 


P.  M.— Barometer, 
3U.Hi9:  thermom- 
eter, 7U.2;  humid  "^ 
ity.  38. 


P.  M.— Rarometer.  1 
31). UK;  tliermom-  [ 
eler.77.3;  humid-  ' 
ity.  44. 


J 


759  Apr.  21: 


700  Apr.  2i: 


761, Apr.  22 


76JApr.  23 


A.M. — Barometer, 
'.U)  '2H:  theniiom- 
eitr,  .V2.1;  humid-' 
ity,  ttl. 


I 


A.M. — BnromettT. 
.'{0.416;  ttiernioiii-  I 
etrr.  71 ;  humid- i 
it\ ,  55.  I 


(    704  Apr.  24 


A .  M. — HiU-omt'ter. 
211  K'SA:  tlifi-iiioiu    . 
rt«-i  47.2;  huutid-  ;  : 
ity,  08. 


705  Apr.  24, 

I 

706  Apr.  24 i 

I 

767  Apr.  3«| 

I 

708  Apr.  30 

769  Apr.  30 
77n  Apr.  30 

771  Apr.  30 

772  Apr.  30 

773  Apr.  30 

774  Apr.  30 
77.T  Apr.  30 

770  Apr.  30 
777  Apr.  30 
77>:  Apr.  30 
779  Apr.  30  . 


2 


703  Apr.  23:        2 


s 
a 


M 

m 
•J 
a 

Pu 


Wki 


H.I 
I  2 


Kind. 


J5  «' 

S    C3  ! 

C    =  I 


I    I 
I    I 


I 


e«  p  a 

^£8 


3  8'^  f^«2  M3 

u.  b  U 


a 
o 


w 


3  8 


3   8 


,  3  8 


3  8.1    rii 


12  8 

112  8- 

i  1 

il2i  $• 


13 


>    «5    <:i3 


13. 

:     I 

13! . 
I 
IS. 


>o 


I    3  8.1     <2 


13'.. I 


III  IIS: 
I  Isji 


as 

ll 


I,te.  IPeeL  Ftt] 


7. 


7.75 


J 


REPORT    OF    THE    CHIKF    OF    ORDNAKCE. 
IT.  /t  Ao«  October  15,  188J,  (o  /■'eplraib-r  V,,  If^V-Coniiiiiifft. 


!li 


5  HcaDdi.    Did  not  uploilfl.    8hdl  atmek  mtur  In  10| 


Fnie  Bet  at  i  tfcmOii.    Bnllis  ii| 


|£|        I  FOW  »t  It  5  HHSOIK 


HI! 


RfooTcrail  Id  batt  In  smtU  rrngmsnti.    Fiii< 


t  <nini»  or  pluaicsr  ont  ofT}.    Did  not  nplMa. 
S»  of  plnnger  cat  off  1.     Bur«I  Id  I  »wonai 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Btcord  of  firivg  trith  3-2-fifcA  Irreteh-loaditig  rijie  ('ferf)  «f  tod^ 


A«  M. — Biironi»»t«T 

L»J>.ft.»:»:  thi-niion 
eter.47.2;  buuid 
ity.  08. 


P.  M.— Barometer 
30. 1. 'u;  tli«'miuiu 
et«*r.r>4.1 ;  huiniil 
it\,81. 


P.  M. — R.irometor 

eter.TU.H;  hniiiul 
ily.  42. 


EEPOET  OF  THE  CHIEF  OP 
loi,  K.  J.,  from  October  15,  18^4,  to  Stpltmbtr  15.  1689-~CoDtiaued. 


p«cl>l  remarks  Rbont  eocb  fire,  aach  u  ofToi't  na  ptrcf.  soaad  of  proJsctLle  In  flight,  auttaring  of 


nnd  lue  tliagun  was  apongeil  out.  and  b«Dt  elevaling  acNWt  replaced  by  Dtvoi 


iicch.    Drrerb-blurk  worked  adDilraljIf .    Time  of  flilDS  nniBdi 


lions  tukin  of  Trn).    MnDiiteilon  SOponnder: 


red  over  tratcr  fur 
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REPOBT   OF   THE   CHIEF   OF   OSDNANCB. 

Bteord  o/Jiring  with  aS-ineft  (rMel-lMdu;  HJU  (■fori)  « 


'1C  JUTiP     il 
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REPORT   OP   THE   CHIEF   OP   ORDNANCE, 
9k,  N.  J,,  from  Ocioher  15,  1684,  io  September  15,  1885— Con tinaed. 


ccial  remarks  abont  each  lire,  inch  aa  efHsct  on  piece,  aoand  of  proJiiOtUa  In  flight,  scattailnf  ol 

fragmcnU,  dec 


Gan  mounted  on  old  fluid  cnrrlnjre. 

A  ft  IF  thin  ronnd  there  waa  qaita  a  largt  fhigment  of  nnconaomad 

htt\i  in  cbniitber. 
Vfiit  was  not  pricked  and  oartridf(a  (kiled  to  l|piitat    Baf  iinooi^ 
•uiued. 


>  Raw-ailk  oartridga-bac.  < 


The  mnnhroom  hend  waa  aoated  with  rtmnanti  of  teg  alxed  with 
luiml  powder  reeidae. 


i 

a 

3 


^«i  cleaned  CD  t. 
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REPORT   OF   THE   CHIEF    OF    ORDNANCE. 


Record  of  firing  with  :\.2'imth  hreteh-loadlttg  rijle  {•teel)  «t  Sni§ 
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HEPORT  OP  THE   CHIEF 
Book,  2f.  J.,  /row  OdDbtr  ir>,  1884,  to  Septanbtr  15,  leSS—Contlnned. 


Spevial  nmuks  nlwat 


Gun  Btar  K-iugod  nnJ  Impreaslon  of  vent  (akon 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Hecord  of  firing  vcilh  3.2-{iicA  hreech-loading  rifie  (titel)  ol 


P.  M.—Bnmniotcr, 


Ity.  42. 
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EEPOET  OP  THE  CIIIEP 
Hook,  Jf.  J.ffrvm  October  15,  1484,  (0  Stfltmhtr  IS,  1866— Coot  Id  Dcd. 


inda  8U-87e  Dnd  Id  23  mltintaa. 


Gun  wubtd  ont> 


RoQDda  ew  OM  fired  <n  Z3  m<nnt(«. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becord  of  firing  with  3,2-inck  hrew^loadinff  ri/U  («f«f)  tlte^ 


!  2     Time. 

o 

3     : 
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REPORT   OF   THE   CHIEF 
Eook^  N.  J.,  from  October  15, 18b4,  to  September  15, 1885 — Continned. 


Special  remxu-kji  ftboat  each  fire,  such  as  effect  on  piore,  sonnd  of  prcjjeotile  in  flight,  flcmltering  of 

frujiuicutii,  d^c. 
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V  Honmis  880>004  fired  in  23  mintites. 


Gun  washed  oat. 


Trail  handspike  broke. 


REFOBT   OF  THE  CHIEF   OP  OBDNANCB. 

Rrt»Td  of  firing  tritt  3.S-fadl  traral-fMAaf  rfjb  (ftotl)  •(  Jii^ 
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REPORT   OP   THE   CHIEP   OP 
look,  N.  J.,  from  October  15,  1881,  to  September  15, 1885— Continued. 


IpecUl  remarlct  *boat  Mch  fire,  tacb  u  effect  on  plAoe,  aonnd  of  projectile  in  flixht^  ■eaiterlDf  of 

fmgmentii,  ^ko. 
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Gun  star  changed  and  imprcMiont  taken  of  vent.    Ko\r  copper  vent  Imahiog  pat  in. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


O 
u 
it 


Record  of  firing  with  3.^iBoA  hrftek-loading  rifit  («f«l)  fli  te% 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE. 
N.  J.  f  from  October  15, 1884,  to  September  15, 1885 — Continued. 


I  remarlcH  aboat  each  fire,  such  as  effect  on  piece,  sound  of  prqjectile  io  flight,  ooAtteiiiig  of 

frugoients,  &c. 


into  Mnd  bntt.    De  Bangc  jtas-chwk. 
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REPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2  inch  brfech-loadimff  rifle  (if eel)  $i  Sedi 
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1 

Powder. 

Projectile. 

K 

1 

V 

a 

\t          1 

2      Time.  : 

^                  ;    KiDd. 

a 
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11' 

1—  - 
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i4  s 

is  y 
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0 

*  3    ■'*^  5             I        ■ 

:-^;-     ' 

=     3 

li 

9 
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1 
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0      1 
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'    3.  8 

r!i3.  .■ 

0 
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1 
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13..' 

0 
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1                      1 
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3'  8 
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0 
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1 

096  June  10 

i  3l  8 
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1 
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1 
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•  3   8 
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r3 
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0 
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i 
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0 
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• 
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n 

a 
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■ 

0 

i 
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9 
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0 
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■ 
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k 

•• 
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JD 
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a 
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0 

■               i 

• 

0 
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o 
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1 

1 

« 
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9/ 
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0 

1 

c 
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0 

'""  i 
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rs 
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..    .: i    i 

^ 

■ 

1        r* 
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1 

« 

13'... 

1 

0 
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s 
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0 
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8 

« 

b 
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1 
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=  13;.. I 
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0 

1 
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t 
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13;... 

0 
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1 
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0 

1 

h 
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a 

•E 
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1     1 

1 

0 

• 
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3   8 

• 

0 

i ' ; 
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3   8 

a 

13... 

0 

! 

1      ■". 1 
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3.  S 

.2 

3 

.13'.. 

•     1    i 

0 

I : 

i 
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1 
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0 
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'13'.." 

0 
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0 

I         : 
1 

1 
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!l3'.. 

0 
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1 

1 
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j 

0 
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0 
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1 

1 

1 
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1 

0 

t 1 1 
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1 
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REPORT   OF   THE   CHIEF   OP 
If.  J.,  from  Ootober  15,  1881,  to  September  15, 1885— Continaed. 


l1  remarks  aboat  eftoh  lire,  taoh  tun  effiMst  on  piece,  eoond  of  proJeoUle  tn  flighty  aofttteilBg  of 

frai;meiiU»,  Ac. 


mind  A  9~i'^1054.    After  thrne  100  ronoda,  lempenUare  of  ctuMe  i 
iuie  of  tiring,  1  buur  uud  30  miuutOM. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becord  of  firing  wUh  3.2-iNeA  hreetA-loatHmg  rifie  («toe/)  cl  Sui§ 


u 
«3 


X 


Powder. 


Time. 


'5  ! 


A.M.— B;»romotor. 

cltM.lM.O;  humi»l 
itv.  46. 


loinuuuo  10  1 

I 

l(i3(i'Jnuu  10 

I 
103;  June  10 

1032,Juur  10 

1033'Juiio  10 

iu;{4  Juno  10 

lia'»rnno  10 

1030  J II  lie  10 

I 

1037  Juno  10 

I 

iia'WJiino  10 

I     : 

,1039  June  10 
{ jiMi'-Innei  10 

I 

|i(41  June  lU 
|104:»'juno  10 
'l('4:;  June  10 
Vm]  Ji.nc  10 

i 

'KM'iJiinc  1(1 

j:046June  lU 

loiTJiiDe  10 

,li'4'iJiine  10 
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ilr:»OJuni»  10 
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I 
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REPORT    OF   THE    CHIEF   OF    OHDNANCE.  561 

t,  S.J.,frtm  Oetoirr  15, 18M,  to  Septemier  15, 18B5— Contitined. 


Spsi-'Iat  i«Dtuka  ftboul  ucli  On.  inch  u  eSvct  on  pioop.  aonnd  of  projevUls  la  aiRbt.  «cuIt«i1iiE  of 


BofiDds  IPH  la  1,0H,    Attar  tbaM  IW  mODilB  tampantnre  nf  ohHt  mwr  nanle,  314°  Fahnmbr 
TlmcafOTing,  1  boiuudBO  mluDtM. 


i«lar-guiE«l  while  hot  [mmedlstelj  ■TleT&riac;  goo  ibu-gUDgAd  wbgDMoL 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


JRecord  of  firing  %c%tk  3.2-iticA  hreeiA-loading  rifie  (ff«el)  «f  &d 


Time. 
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o 
(-• 

a 


r;iO«5June  10 

I  : 

lOMJune  10 
i 

1067  June  10 

1068  June  10 

I 

1069  jQue  10 

1070  June  10 

;  i 

1071  June  10' 


Powder. 


!    Kind. 


Projectile. 


P.  M. — Barometer, 
80.2C0;  thenijonj- . 
eter.6U.3;  humid- ^ 
Ity.  4S- 


1072  June  lOJ 

1073  Juno  10, 

1074  June  10 

1075  June  luj 
1070  June  10 

1077  June  lo' 

I 

I 

1078  June  10' 

I 

1079  June  10 
lOM  Jane  10 

1081  June  lo' 

1082  June  10 

1083  June  10 

1084  June  10, 

1085  June  10 

I 

1086  June  10 
U  87  June  lo' 

1088  June  lO; 

1089  June  10 

1090  Jane  10 

1091  June  10 

1092  June  10 

1093  June  10 

1094  June  10 

1095  June  lOi 

1096  June  10 

1097  June  lo 
lOO^June  10 
1099Juue  10. 

I  1100  June  lo!, 
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el 
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I 
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09 
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EEPORT    OF    THE    CHIEF   OF    OKDNANCE.  563 

t,A".  J.,from  Octvhirr  15,  \»8i,  lo  Septm.bar  15,  1885— Continued. 


ach  u  cfft'Ct  on  plKr,  Ruund  of  prajrctlla  lo  lllRhb  Bcftttcrlsi  al 


Iktd  iBloHnd  butt.    He  BMif;»  gia-diwk.    BooDdt  l,l]SSto  l.IOD,  todiulTe,  And  to  samluul 
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REPORT   OF   THE  CHIEF   OF   OEDNAKCE. 


•HiUiiinn 


Hill 


11. «» 



1,SS 

i,eu 

z 



: 

REPORT   OF   THE   CHIEF   OF   ORDNANCE.  675 

k,  y,  J.,  from  Oetcher  15,  1884,  to  September  15,  1885— Continaed. 


Ud  ramArks  aboat  each  Are,  taoh  m  effect  on  piece,  soand  of  projectile  in  flight)  teftttering  of 

frftgmente,  &o. 


I 

0 

a 
a 


1 


Oan  wiped  ofit  with  oil  qM>nge^  end  fermetare  oloMied  efi  wilk 


a 

0 
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REPORT   OF   THE    CHIEF    OF    ORDNANCE. 


Record  of  firing  with  3.2- jncA  hreech-loading  rifle  {$tee1)  at  5nlf 


i  t 

■     ^ 


Time. 


I  J^ 


Powder. 


Kiud. 


j        >     1885. 
r  1137  June  16 
I 

1138  Juno  16 

1139  June  16 

1140  Jun«  16 

i  ! 

1141  Jane  16 

lUJJune  16 

I  I 

iu:{  Juno  16 

I 

1144  Juno  16 

1143  June  16 

1146  June  16 

I 

1147  June  16 


114SJuno  16 
1141)  June  16' 

lirHJJuno  16 

'  I 

lir)l  June  16 
P.  ^f.— Barometer. 

2t».U'.)4:  tlierniom.<   ll.VJJune  16 


ot or,  87.9;  humid 


I 


I 


i 


li:>:{June  16 

1154  .lune  16 

1 

1150  .rune  16  ^ 
1156  Juno  16 
lli;7  June  16 
115{<Juno  16 
115!>June  16 

1160  June  16 

1161  Juno  16 
1161!  June  16 
n6:{Jane  16 

1164  June  16 

1165  June  16 

1166  June  16 

1167  June  16 


A.  M. — Barometer,  ) 

a9.J»)3;  tluTiuom-  [ 
•ter.  63.1;  liiimid-  ( 
Itj.  77.  J 


1168  June  17 
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0 
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a 
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0 

o 

1 
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1 
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r 
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1 
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0 

3 
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1 

0 

9 
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0 
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• 
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o 

i 

tS 
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0 

& 
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1 
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f 
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0 
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• 

13  .. 
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1 

a 
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0 

ee 
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1 

0 
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1 
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0 
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a 

1 

& 
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0 
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[ 
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0 

a. 

■     1 

H 
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i 

a 

CS 
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^ 
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0 
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i",", 

0 

"i" 

0 

1    1 
18.. 

0 

I    1 

13  ..1 

0 

I 


I 


....I.... 


e 
m 


fcf 


a 


9 

m 
I 

s 


^     2 


REPORT   OF   THE    CHIEF    OF    OHDNANCE.  567 

M*,  y.  J.tJrem  OeUbir  15,  1884,  to  Sfplt!nib«r  15,  1985— Con  tinned. 


Spvclnl  rcmarka  Bboal  ««ih  Sni.  (aoli  u  rflbcit  on  piaoe,  wand  ol  proJHttle  In  llitbt,  •eMMrtng  of 


Roundi  lllH-lirr  And  In  ana  bosr. 


'3'i:-=H  iFnie  nlrked  A1.    T<Ni1mlaAl»  Tcmor*!.    Ko  bitniOog  Dbsree,    Ehnpns]  tiroki  up  la 
g  Sj„-  f     baU;  fnu  reooTered  iuUct. 


fill 


REPOBT   OF   THE  CHIEF   OF   OBDNAHCE. 

BMitrd  o/jlria9  iria  3.9-taek  irtMh-lMMug  r^  (■tet)  al 


si  1 


mi 
fill 


aiuae  IT 

70  June  li 


A.  v.— Bknnaetcr, 

».wa:t)i«ni»>m-, 

i^,T7. 


A.K.-Buwmeln', 
SO.ZZZi tberninm-  1  !ii7ijnne  ig 


llMJnly  1 
llSIJal;  1 


P 
1> 


Jl 


EEPORT   OF    THE    CHIEF    OF    ORDNANCE.  569  ! 

r,,ftvwt  Octobar  15,  ISBl,  to  SepUmber  IG,  1635— CoDtinned.  j 


Fnm  mirked  C3.    Sot  »t 3 Beounde ;  U  oomm  niualiol  powdrrbuMtiOB  "''"Eo.    BurttM 

fMtln  rront  origin. 
Faui  msrkiHl  BI.    Set  at  3  sacDoda ;  I)  ODHoca  maRket  powdsr  bantlDH  ilbiffKa,     Bunt  In 

Fuie  mftrk<^  A2.    No  jiliuig«r  or  buraling  abarge.    Stmck  in  S  ifioandi.    Opa  ^gmcoib 


Von  mu-ked  B3.    No  plnoeer  or  bnrBtlDR  ebnrge.    Broks  np  la  k°iI'     Fi»»  *Dd  brMI 
baad  muisred  daWD  bdwih  iDUal. 


Fdu  mu-ked  C2.  Sot  at  3  Kmondii ;  H  onncea  bunting  obargo.  Bnrat  In  3j  aaoondi. 
Fuia  muknd  £2.  Sut  ac  3  aflcanda :  0}  guacet  burattae  charge.  Bant  In  I  aacandik 
Fammackid  Al,    Set  at  3  >Houds ;  Bl  onnuea  bunting  charge.    Bant  [a  H  Mconda. 


:melalHoUnitra;e»re-l 
rd  frmn  Praokfuid  .\t-{ 
l]  April  21,1111^.  (LL>adl 
poaftlun.l  I 


id  butt.    Dc  Btnga  cu-cbovk. 


3  acaondH.       Bur«t  in  2]  aeeanda. 

3  Hsrnnd!<.        Burnt  lu  !1  smwods. 


>aiUon  tlmn  fuu;  ml  al  i;  swonda.        Bant  In  4)  eecoadH  (pnibabtj  elow  In  Uking  time), 
time  fiiift  net  at  'i  tipi-ot  ds.  5  Exploded,  prtfmatarely,  abont  M  rarde  In  front  of 


i 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becard  of  firing  with  3.2-iiidk  hreech-loadimg  rifie  (•toeO  ^  8tKi§ 


£ 

Time. 

o 

u 

J 

1 

B 

0 

^ 

1885. 

1192  July  15; 

eter,73.8;  humid- 
1^,69. 


lidO 


•llMJalv  15 

I    '    *    ; 

I  1195Joly  15" 


r  IIM  JqI}'   17 


A.  M. — Barometer' 
I0.0e5;  themiom.-( 
eter.  81.3;  humid 
ltj-.73. 


llOTJulv   17 


i 


1198  Jul  V  17 


P.  M.— Barometer. 
10.071;  thermom- 
eter, 75.4;  hamid- 
Itj,  65. 


1199  Aug. 
I 

1200  A  u{;.    6 


A.  M. — Barometer, 
So.076;  thermom- 
eter, 73;  humid-" 
it>,  78. 


1201  Sept 

1202  Sept 

1203  Sept. 

1204  Sept. 
120")  Sept. 

1206  Sept 

1207  Sept 
1 .1208  Sept 


HEPORT   OF    THE    CHIEF    OP   ORDNANCE.  571 

oir,  N.  J.,  from  October  \b,  18^4,  to  StpUmltr  15,  ISaG-^ontinaed. 


LS  eSiCt  on  piece,  aound  of  projtctila  in  flight,  •Dattarlnf  o( 


ConipoalUoB  time  fate  set  it  IS  neooDdi.         Bnrat  to  13  gMcmda. 
CompuiiloD  time  fiixe  Ket  at  15  Riwuuda,  Bant  in  \b  iwonila. 

Bmts  Unie  ruio  bs(  at  IS  acrondi.  Hunt  in  ISj  aeconila. 


Line  of  an  oODBtutlj-  cbuiged  on  DCDODnt  of  moiln;;  t< 


Plrrd  Bier  •r*tnrt0  try  raiB^  comnoiitlno  fiise)  Brake  Intn  three  rmeioeBt',  one  >triklii2fa«ub 
■xtitSuwiBili;  ghrHpoelcanMliiedlHoanoeiJ     fiujirJa  troni  mm.  odd  Ktnioli  niter  75  yu-rli 


Fired  over  wnter  to  Xtv  liir,f\  brnu  foie 
9  neoonda;  ibnpiiel  eDnlalned  1(|  a 
luasket  powdor,  bumling  chu-^e. 


muiv  frneinentB;  80  hit* 
oferlBg  -uuiil  bntt ;  fnu  uul 
.pnei  rooereted  fnim  butU 


Fnuikfiird  metmlllo  time  taie  get  Is  aiplodg  M  G  •Moada.    Bant  lOO  y>n]«  In  front  of  inui.    No 

em  HI  fnidiDCDt)  noCieed. 
Frankronl  nieullln  tiTiie  FnieiiHl  tn  eiploile  st  S  aHionda.    BantlnDrDausDB.    Knmbar  Of  imiO 
ftnumeotg  notlted  girlkln^  direcilj  In  front  of  Eun. 


Opened  ud  oloaed  euUf- 


Very  -illght  eecnpa  of  gai.    Blooli  opened  MaUf. 
Jon*<deI*ble  eiiope  of  ^ la.    Block  opened  iklliar: 
*o  Mcape  oTgH.    Block  opened  e*«il  J. 


I 
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REPORT  OF  THE  CHIEF  OF  OBDNAMCB. 

BMord  ofJlHng  irflt  3.3-iN«l  ireaA-l«a£%g  r^b  (tiMl)  tt  M 


1 

Ponder, 

Prcjertlle. 

« 

^ 

"1 

1 

1 

! 

5 

1 

11 

1 

W0 

wgt 

"■ 

ll 

KiDd. 

1. 

1 

ll 

1 

1    !«». 

lansspi.  4 

J  g 

B      , 

U*.  IM. 

FM 

mo  Sept    4 

3  H 

~"l 

L... 

\j 

MI2S»p1.    4 

1  r 

]'■•' 

! 

J 

' 

,.L 

-u 



1 

1215  Sept.    4 

,13.. 

— Uj 
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'»!h 

1 

13.- 
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MWScpt.    4 

a  B 

1 

13.. 

_4B 

l!lflS..pL    4 
1290  Scpl.    4 
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l2i2S.pt    4 

. 

i 

■8 

i 

1 

1 
1 

■     ■    i 

1 

i 

S    Bj 

:ij:..i    -IS 

1  ..  . 

1 

1221  Sfpl.    4 
1221  Sept.    4 

1 

S  B' 

'l3..|    -1. 
|l    ..     -« 

s 

! 

\ 

P  M-Biromeler, 
tt.Mi:  IbenDom- 
eler.  77,  honid-l 

1=3,-.  Sept,    1 
12»5.^pl.    1 
l!27S,.pl.    4 

3  6 

1 

14 '  - 

IS..'    -li 

'j-i-;; 

1 
ft 

•1 

Bi 

5 

i 

13M's..pl.    1 
l!31Sopl.    t 

jl233'3.pt.    4 

*1 

Je 

i 

i 

1 

38 

ij.. 

-IS 

£ 

1233  S«pL    4 

Q 

.  s'b 

11.. 

-u 

12MScpl.    4 
'l^MScpt.    4 

1 

».. 

.l!3eH-pl.    4j 

3    B 

13,.l    -IS 





.1227  Sfpt.    * 

i 

1!..         U 

I.             . 

1219  Sipl.    4 

!"' -1  - 



■lS4DSi'|H.    4 
jl!41!Vj.l.    4 

■l21i's..pt    4 

i:-tss.pi.  4 

3    B 
3    8 

p^ 

1214Si.pt    » 

J. 

IS.. 

-1. 

J 

EEPORT    OF   THE    CHIEF    OF    OEDNANCE.  573 

rook,  y.  J.,  from  October  15,  1684,  to  Siptemier  15,  1885— Coutiuned. 


Is  1!D9  to  13M  Bred  in  3G  minatM. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3,2-inck  hreeck-loadimg  ryU  (afepl)clM^ 


Powder. 


Project  ilf. 


Time. 


I 


Kind. 


I 


p.  M. — Burometer, 
29.965;  thormom- 
etar,  77;  humid-' 
ity,  7«. 


.2  ; 
a   - 

3    i 


18^5. 
24:»  Sept. 

24CStpt. 

•J47  Sept 

f 

248  S*»pt. 

! 

•-M9S«»pt. 

I 
aso  S«-pt. 

I 

251  Sept. 

I 

252  Sept. 

I 

253  Si'pt. 
2M  Sipt. 
2.">5  Sept. 

256  Sept. 

■ 

257  St'pt 

2.'i8  St»pt. 

I 

259  Stpt. 

I 
2C(»  S«»pt. 

261  St'pt. 

2C2  S«»pt. 

2(>:»  S^.pt. 

2«4S»'pt. 

26.'>  Sept. 

206  Sept. 

267.Sept. 

i 

268  Sept. 
I 

269  Sept. 

270  Sept. 
27lSept. 

2?2's«'pt 

I 

273  St-pt. 

I 

274  Svpt. 
I 

275  Sept 

I 

276  Sept 

! 

277  Sept 

I 

278  Sept 
I 

279  Sept 
I 

saosept 


I 


9 


•J 


p 

o 


—     1 

wgt! 


rs  s 

I'i  ' 

f    3    8  1 

i  3,  8 

i3i8" 

'  3'  8 

3  8 

3  8 

3  8 

3  8 

3  8 

3  8 


o 
C 


I 


3.  * 

'31  8' 
I     I     I 

•     1     ' 

|3|  8; 

I  3:  8 


3   8 


S  3  8  (       5 


li 

i  »i  "i 

I  s!  8 


i  3  8. 

'    '    t 

I  8  8 

■ 

:  3  8 

3   8 

I 

'  3  8 

i         ' 

3  8 

I 

I  3  8' 
I  8  8 

j3;8 

8  8 


8 


8. 


Bis. 


Kind. 


a 
el 
.A 

e 
s 


9 
> 


lA 


a 
3 
•3 
« 


•e 

I 

•s 

-a 

8 

a 

M 
« 

I 

s 


S 


■  £i  •>» 


Wgt 

I- 


i'! 

f  13].. 

I 

13 


<  Z 


s  M  ; 

•S  M    I 

C   S 


^^  1  »*  B  : 


13 

I 
13 


c-^  i  ^^ 

JS        £  a  .  5*  '^   5 


a 


13 

i 

13 


:13;.. 
13.. 

,.3 

;13 

jiai. 

I  I 

13 
13 

13.. 

I 

ii3 


13.. 
Il3.. 

13 

18 

I 

118.. 


o     '     Lh9. 
—15 

I 

^^XD  •  •  •  •  • 

—15 

—15 

—15   .... 

—15. 

—15 

— 15f 

— Idj  .... 

-A 

—15; 

—15 

-1*; 

-«' 


:i3 

tl3  .. 

I     ) 

I" 

i" 

,18 

i" 

18 

I 

I" 
18.. 


|<18i.. 


—15, 


—15;  ... 


-15 


\ 

I 
-15:. 

-isj. 

—15. 


—15 

I 

-15!. 

— isj. 

—15. 

—15 

—15. 

— 15i. 


--16 

-« 

—15 
— U 


e 
« 

Ci 

« 

e 


FttLFttt. 


.(... 
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I 

B 
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Btot.  Y.  J. .from  October  ir.,  \>t^i,  to  Sepltmher  15,  1885— Con  tinned. 


0«ial  reniark*  about  a 


Gun  wiped  oni  with  iH  m^aoge,  nd  brmetiir*  oleauad  MI  •Ilk  oHI 
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BEPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Becwrd  of  firing  tnik  ^J^inek  hreeek-JoadUig  ryie  {9Ud)  §t 


■    .O 

a 


Powder. 


Projeetile. 


Time. 


Kind. 


I    1885. 
f;i281jSept. 

1282^Sept. 

1283  Sept. 


P.  IC— Barometer, 
29.965;  thermom* 
eter,  77;  humid-' 
ity.  76. 


,1284;Sept 

1285  Sept 

i 

1286  Sept. 

1287  Sept 

1288'Sept 

I 
1289  S<>pt 
i        I 
1290,Sept 

I 
1291  Sept 

1292.Sept 

■        I 
.1293  Sept 


,1294 
1295 


Sept 
Sept 


1296,Sept 

I 

1297,Sept 


1298 

I 

1299 


Sept 
Sept 


A.  M. — Barometer, 
29.954;  thermom- . 
eter,  68;  humid- ^ 
ity,  80. 


1300  Sept 
I 

1301  Sept 

I 

1302  Sept 

I 
1303,Sept 

1304  Sept 

1305  Sept 

1306  Sept 

1307  Sept 

1308  Sept 

1309  Sept 

1310  Sept 

1311  Sept 

I 

1312  Sept 

1313  Sept 

1314  Sept 

1315Sept 

i 

1316  Sept 
I  !1317  Sept 


4  1 
4 

I 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4' 
I 

4| 

4i 
I 

4 

I 

1 

'\ 

6. 

I 

5j 

5i 

i 

5i 

5' 
I 

I 

5 

I 

6! 

6' 
1 

»l 
6' 

s' 

I 
I 

5 
5 


5 


5: 

I 

5J 


o 

i 


a 


0 
& 


Wgt 


^    I' 

•a  o, 


i    I    I 
'881 

i 

3  8 


3  8 

I 

8  8 


8 


Wgt 


Kind. 


a 

o 


3:  8 

I 

8  8 

I 

3'  8 

3' si 


8.  8! 

i    I 
3  8: 

.si 

.     I 
3   8 

3  8 

3  8 

8  8 

8  8: 

3  ft 
<    3  8!> 


J 


3   8 

>    > 
312 

I   i 

312 

I     ! 

312 

I     : 

8!i2j 
8:12 


8.12 


8!l2i 

I    I 

3,12: 

812 

I    ■ 

s:i2 


8.12 

I  I 

812 
8.12. 


812 


iP   o        9 

iSS    - 


2 
1 


I 

to 

i 


■3 

3 
8 

B 
I 

s 


1 


'18 

I    I 

18 

i 

•18 

■    I 

;"l 

I* 

18 
!l8 
18 
18 

isl. 

18.. 

I 

"1- 

13. 

18'., 

18'., 

I 
18. 

IS.. 

IX., 

")•• 

IS 
IS 
IS 


IS... 

i 


181.. 
U.. 
IS.. 
IS.. 
IS.. 


is;.. 

IS.. 
IS.. 

is|.. 


o  '     Lbi. 
IS 


5 


— 1 

-"1 

—16 

—16 

—15. 

—15. 

—15. 

—15. 

—15. 

-»|. 

-16, 

—16. 

—15. 

—16. 

-16. 

—16. 

—15. 

—16 

—15. 

—15. 

—15 

—16. 

—16. 

—16. 

—16. 

—16. 

—16. 

—16. 

— U. 

^isi. 

J 


"I 


UL08 

I 
IX  •• 

I        j 

ia.08 

I 

;ia.08 


..jj 


s 

{I 

B 


1 
i 

i 


9 

! 


i 

> 
I 

I 

i 

I 

1 

I 
I 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  577 

Hook^  N,  J,t/fom  October  lb,  1884,  to  September  15, 1885— Continued. 


Special  remarks  about  each  fire,  sach  aa  effect  on  piece,  souod  of  projectile  in  flight,  acatteriux  of 

fragmenta,  Sec. 


« 

u 

a 

pS 

o 

Q 

i  Roonda  1251-1800  fired  in  45  minutes. 
^  I  Rounds  1251-1800  asbestos  mixture  squeezed  out  somewhat  from  the  rear. 

••a 
0 

a 
S 

a 
I 


Gun  star  gauged. 

Excessive  escape  of  gas,  making  it  necessary  to  use  mallet  in  opening  block. 

About  j^xi  ^^^  removed  from  rear  face  of  obturator.    Opened  little  Htiff.     Xo  eacape  of  gas. 
No  escape  of  gaa.    Blocks  opened  uud  closed  easily. 


! 

i 


0 


s 
I 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Rtoord  of.  firing  with  3.2-iHek  bvMiUIoadiii;  r^l*  (*fMl)  « 


Pnw,l. 

PrqjeolllB. 

U 

1 
1 

J 

8 

4 

1 

•a 

Tlwi. 

Uod. 

1 

ill 

1. 

i:  1 

U8S 

ntt 

B 

ni't 

"  3 

1 

»:>.„, . 

tiz 

' 

-  -ij 

laUSepl.    i 

u 

1SWB.I.1.    B 

BU 

^    " 

1  : 

,j 

H*pl.    1 

1 

1  '> 

,„ 

Biipt.    IS 

1 
i 

1  ,. 

1S92 

BepL    S 
Sop..    S 

SBpi.  n 

SepL    a 

SIE 

f  " 

«i 

,j 

,■1 

^ 

Silt 

1  " 

-i»i 

1'^ 

I  ^  ■■ 

■ 

HaT.Sepl.    s 

^ 

A                   y 

ilr,  W.|  !  . 

::  i^;:::::: 

^M 

REPORT   OF   THE   CHIEF    OF    ORDNANCE.  579 

Hookf  N,  J.ffnnn  October  15,  1884,  to  September  15,  1885 — Continued. 


Special  remarks  about  each  fire,  such  as  eftect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

fragments,  «c. 


M 

i 

S 

I 


0 


s 

5, 


J 


After  this  round  vent  stopped  and  had  to  be  drilled  out. 


Fired  into  sand  batt.    Freyre  gas^beck. 


580  REPORT   OF  THE   CHIEF  OF  OEDNAlfOE. 

JItford  of  firing  trifA  ».2-indk  h-ensk-UM^ng  riJIe  (*fc«I)  at  Snii 


it|j|1' 

•"'    i.fi,i; 

" i  '"-1    ,   r 


9 

II 


II  Jill 


REPORT   OF   THE   CHIEF   OF    ORDNANCE.  681 

Hook,  N,  J,,  from  Oetoher  15,  1884,  to  September  15,  1885— Continued. 


Special  remarks  aboat  each  fire,  tuoh  aa  effect  on  piece,  sound  of  projectile  in  flight,  scHtteiing  of 

fhigmenn,  Slc. 


I 

I 

)>Roandn  1382  to  1386  fired  in  18  minutes. 

a 


i 

a 


Trail  of  carriage  bent  and  cracked,  and  seven  rivets  broken  off. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-iiicA  hrfook-Joading  riJU  {$iml)  «f  tedf 


Powder. 


Pr^fectUe. 


▲•  IC — Barometer, 
30JOO:  thermom- 
eler,  04;  bnmid- 


t 
d 
^      TimA. 

o 
u 

s 

9 

5Z5 


1885.  - 
ItSTSept.  11  ) 

1388S<*pt.  11   I 

13ti9  8ept.  11 

1390  Sept.  11 

1891  Si'pt.  11 

1392  Sept.  11 

1393  Sept.  11 
ISMSept.  11 
1395  Sept.  II 
139«Sept.  11 

1397  Sept.  11 

1398  .Sept.  11 
lS9t)Sept  II 

1400  Sept.  11 

1401  Sept.  II 

1402  Sept.  11 
14lt3Sept.  11 

1404  Sept.  11 

1405  Sept  11 

1406  Sept.  11 

1407  Sept.  11 
1408Si>pt  11 

1409  Sept.  11 

1410  Sept.  11 

1411  Sept.  11 
1412Si^pt.  11 

1413  Sept.  11 

1414  Sept  11 

1415  Sept  II 
141«.Sept  11 

1417  Sept  11 

1418  Sept  11 

1419  Sept  11 

1420  Sept  11 

1421  Sept.  11 
I  1422  Si'pt.  11  , 


Wgt 


Kind. 


o 
^ 


s 


}  = 


X 


B 
O 
04 


m 


s  a 

r  312  1 

312 
312 
312 
312 
312 
812 
312 
312 
312 
312 
312 
312 
312 
312 
312 
812 
312 
312 
312 
312 
312 
812 
8U 
818 
318 
312 
818 
818 
812 
318 
812 
812 
312 
812 
I    312  J 


Kind. 


J 

O 

a 

>   z 

s 
I 


Wgt 


f  18.. 
18.. 
13.. 
18.. 
13.. 
13.. 
18... 
18.. 
18.. 
18-.. 
13.. 
13  .. 
18.. 
13.. 
13.. 
18.. 
U.. 
18  . 
18., 
18.. 
U.. 
18.. 
18.. 
18.. 
18.. 
IS.. 
18.. 
18.. 
18.. 

"I- 
18|.. 

11.. 

18.. 

18.. 

18.. 

(18.. 


6 

e 


o,  * 
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0 
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0 
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0 

0 

0 

0 

0 

• 
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0 
0 
0 
0 
0 
0 
0 
0 
0 

• 

0 

• 

0 
0 
0 

• 

0 

0 
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Hll 

i^  il 


0  e     s 

i-S  ^ 


a   ss 

Lb*.  fWt  F^§L 
,84.  OtO  1,746 

113.  K8 1.748 

b4.2S0^1.727 
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I  , 
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I  ■ 
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SEPOKT    or   THE    CHIEI'    OF    ORDNANCE.  583 

E,  N.  J.,/nm  Ootober  V>,  iad4,  to  SepUntUr  15,  18c&— CnDtiimed. 


SpH-lul  rcinarkB  About  puIi  Qni.  gnnh  u  eSe«t  od  plnce,  miuuil  of  pt>t|>-i:iiL«  In  Hl^liI,  ^I'atUilDR  ol 


Bol!  at  tletkttDK  ■orcv  box  broke, 


Find  Lu  II  mlnntw. 


AuembllDg  bnlu  for  aile  pUI«  broke  nod  bad  Is  be  irjialnd. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


lifcord  of  firing  with  'X2-inch  brftrh-Ioading  rifie  {9iftl)  it  M^ 


«a 


S      Time. 


o 

i 
S 

3 

S5 


Powder. 


Kind. 


WRt 


s  a 
&'8 


Projectile. 


Kind. 


Wgt 


a 
o 


(3  k 


a     aS 


c 


18H5. 

1423  Sept  11 

1424  Sept.  11 
UQftSept.  11 

1426  Sept.  11 

1427  Sept.  II 
142SS«'pt.  11 
1420  Sept.  11 

1430  Sept  11 

1431  Sept  11 
H32S4>pt.  11 

1433  S<pt  11 

1434  Sept.  n 

143r.Soi»t  11 

1436  Sept.  11 

1437  Sept.  11 

1438  Sept  11 

A.M._Bar..meter.  j^*=^»^I^*" 
80.260;  thermom- I  i.i,ic,„.»  ii 
eter.  «:   Immid-"^  144o^opt.  11 

**y'  *^-  1441  Sopt.  11 

1442S4>pt-  tl 

1443  Sept  II 

1444  Sept.  11 
144.'>Sept.  II 
1446  Sept.  11 
1447St'pt.  11 
1448  Sept.  11 

1449S4*pt-  11 
14'iOS«»pt  11 
14r»l  Sopt  11 
14.V2Sept  11 
U.'ili  J^ept.  11 
14:4  Sept.  11 
U.ViSt'pt  II 
I4,V.S.-pt  II 
14.-»7Sept  11 


o 
o 


X 

I 


a 
o 


r  312 1 

312 

312 

312 

3  12 

312 

312 

312 

312 

312 

312 

312 

312 

312 

312 

312 

312 

3  12  J- 

3  12 

3  12 

312 

312 

312 

312 

312 

312 

312 

I 

312 
312 
312 
312 
312 
312 
312 
312 


a 


* 


r  13 

18 
13 
13 
13 
13 
13 
13 
13 
13 
13 
18 
13 
13 
13 
12 
13 
^  13 
18 
13 

13 

I 

13 
13 
18 
18 
18 
13 
13 
13 
18 
18 
13 
18 
IS. 
(  13. 


o    '     Lbt.  FmL  FtL 

0  

0  

0  

0  

V  •••■••     ■■■  ■■■■■ 

0  

0 

0  

0  

0  

0  1 

0  

0  

0  

0  

0 

I 

V  ••••>»       -■«•.       ■>«•. 

0  

0  

0  

0  

0  

0  

0  

0  

0  ■ 

0  ■... 

0 

0  

0  

0 

0  


I 
I 

1 


t 

1 

I 

I 


I 
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B^tMk,  tf.  J.,  /ram  Oclobrr  Ifi,  1384.  lo  Stptmnber  15,  ItJBC— Coutinued. 


9p»cUI  remark!  >t>«al  skota  tire,  aneb  ualhat  onpieoe,  aouDil  uf  pK^wtlle  In  Hlghi,  n 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of /ring  with  3.2-iNoA  breeek-loa^Hmg  li/fe  (fl«f/)  «l  & 


£ 

o 

6 


Time. 


Powder. 


Kind. 


Wgt 


Projectile. 


Kind. 


Wgt 


Is  s 


li 


« 


A.  M. — Barometer, 
30.200;  thermom-  > 
eter,  64;  bamid 
ity,  81. 


P.  M. — Bai*oiii«t«r, 
30.225;  thermom- 
eter. 08:    humid- << 
ity,  68. 


1885. 
458  Sept.  1 

450  Sept.  I 

460  Sept  1 

461  Sept.  1 

462  Sept  1 

463  Sept  1 

464  Sept.  1 
1466  Sept  1 

466  Sept.  1 

467  Sept.  1 
468Sipt.  1 

469  Sept  1 

470  Sept.  1 

471  Sept.  1 

472  Sept  1 

473  Sept  1 

474  Sept  1 

475  Sept  1 

476  Sept  1 

477  Sept  1 

478  Sept  1 

479  Sept.  1 

480  Sept  1 

481  Sept  1 

482  Sept  1 

483  Sept  1 

484  Sept  1 

485  Sept  1 

486  Sept  1 

487  Sept.  1 

488  Sept  1 

489  Sept  1 
400  Sept.  1 

491  Sept  I 

492  Sept.  1 

493  Sept  1 


o 
a 

>  I 


$ 


§ 


) 


812 
812 
3.12 
812 

r 

312 
312 
312 
312 
312 
312 
812 
312 
312 
312 
812 
812 
812 
812 
312 
812 
812 
312 
812 
312 
312 
312 
8U 
312 
812 
312 
312 
312 
812 
312 
312 
312 


> 


I 

.9 


r  13.. 

13. 
18., 
13. 
18.. 
18. 
IS.. 
13. 
13. 
18.. 

;18'.. 
U.. 
18;. 
13.. 

W.. 

"i 

IS.. 

»;- 

IS,.. 

18. 

jlS... 
IS.. 

jlS., 
•IS'.. 

I 

IS. 

I 

lis., 

I 

IS. 
IS. 

IS. 

I 


1 


I 


IS., 

I 

•isL. 

I 

■isl.. 

ISi.. 


o  « 
0 

0 

0 

0 

0 

0 

0 

0 

0 


IM,  •re€t.  Ftti. 


8 

i 

i 

« 

"    i 


s 

I 
1 
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i,  y.  J.,  from  Ootohtr  15,  1=<B4,  lo  SqfUmhm-  l[i,  1885— CoDliDntHl. 


Bluok  (amiBfil  In  isrrier. 


Block  (Inck  •tier  Bring  ind  opeaol  wilb  dlfllcultj;  vorklBE  pftrM  wtiml  mil  wltbol 


Can  >ikr.«!Biiged. 


588 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  ofjiHng  witk  3.2-iiM^  hrtm^laa^ng  rf/fo  (ttoel)  d  tod^ 


Powder. 


P.  M. — Barometer, 
30.225;  th^nnom- 
t'ter,  68:  hainid- 
itv.  «8. 


£ 

o 

1 

a 

Time. 

1494 

1885.    ' 
Sept  U 

1495 

Sept.  11; 

1490 

Sept  11 

1497 

Sept  11 

1496 

Sept  11: 

i 

1499 

Sept  11 

1500 

Sept  11; 

1501 

Sept  11 

1502 

Sept  11 

1503 

Sept  11 

1504 

Sept  11 

1505 

1 

Sept  11 

1506 

Sept  11 

1507 

Sopt  11 

1508 

Sept  11 

1509 

Sept.  11 

1510S«'pt,  11 

1511 

Sept  11 

ir>12 

Sept  11 

1513 

Sept  Hi 

1514 

Sept.  11 

1515 

Sept  11 

1516 

Sept.  11 

1517 

Sept  11 

1518 

Sept.  11 

1519 

Sept.  11 

1520 

Sept  11 

1521 

Sept  11 

1522 

Sept  11 

152rJ 

Sept  11 

1524 

Sept.  11 

1525 

Sopt  11 

1526 

Sept  11 

1527 

Sept  11 

1528 

Sept  11 

1520 

Sept.  11 

Kind. 


a 
e 


S 

r* 


^ 


s  \ 


c 


a 

9 
0 


Wgt 

|i| 

3 12;  1 

312 

813; 

312 

312: 

i 

;  313^ 
312j 
8I2: 
8-'12{ 
312= 
312 
312 
3  12^ 

■  312 
312 
312 
313 
312 
312 
312 

sisi 

I 
312; 

312 

312, 

312i 

312 

312 

312 

312 

313 

312| 

SI3! 

312, 

112 

312- 

312) 


PnJeotUe. 

Wet 


Kind. 


> 


I 

O 

a 

i 


1 

{! 

a 


IS.. 

,    I 

18;.. 

18'.. 

I 

18.. 
IS.. 

!      I 

18.. 
IS;.. 

isL. 

18.. 
18.. 
18.. 
18.. 
18.. 
18.. 
18.. 
IS'..' 

».-" 
IS*.. 

jlS;.. 

18.. 

IS.. 

,18.. 

.18.. 

IS.. 

18.. 

18.. 

13.. 

IS.. 

.18... 

18.. 

18.. 

IS.. 

U.. 

18.. 

IS,.. 

18.. 


I    o    ' 

.     0 


L6t.  FmLF^§L 


• 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

• 

0 
0 


I 

I 

\ 

i 

f 

1 

i 

I 


BEl'ORT    OF    THE    CHIEF    OK    OKDNANCK. 

SSSl 

Mook,  N.  J.,  from  Uclolwr  IS,  1MS4,  (o  Septtmber  l.-i.  l(W«i— Uimlli.unl. 

KpwIkI  n-iuark*  ■boiil  loL  tin.  turb  »  affHiI  gu  dIdim,  auuiitl  of  |.ru)i»^U1<'  lu  niuti 

•nllo 

r 

- 

1 

i 

^- 

_j 

1 

■ 

! 

fleoDd*  1*87-1036  linA  lu  lU  mlmiHw. 

^d 
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REPORT  OF  THE  CHIEF  OF  OBDNAHCE. 


Record  of  fiHng  wiik  3.d-tiicik  IfrmokAoaaing  rifiB  {•*ml)  «l  to^ 


Powder. 


PniJeetile. 


Wgt 


Z     Time. 


Wgt 


1 

B 

1885. 
f  1530  Sept  11 

1531  Sept  11 

1532  Sept  11 

1533  Sept  11 

1534  Sept  11 

1535  Sept  11 

;1536Sept  11 

1 

:  1537  Sept  11 
11538  Sept  11 
1539  Sept  11 
!l540Sept  11 

Kind. 

1^ 

13  a- 

812 
312 
3.12 
312 

.  312 
312 

.  312 
312 
312 
312 
312 

Kind. 

;1541  Sept  11 

• 

312 

:  1542  Sept  11 

1 

51 

312 

154:)  Sept  11 

1 

312 

1544  Sept  11 

J 

312 

1545  Sept  11 

I 

312 

1546  Sept.  11 

f 

312 

» 

P.  M.— Buromoter. 
30.225:  t  her  mom- > 
eter.  68:   humid- 
ity. B)». 

1547  Sept  11 

1548  Sept  11 

1549  Sept  11 

• 

n 

s 
s 

312 
3  12 
312 

1550  Sept.  11 

oc 

312 

^ 

1551  Sept.  11 

• 

312 

1552  Sept  11 

•J 

c 

312 

1553  Sept  11 

1554  Sept.  11 

i 

312 
312 

1555  Sept.  11 

312 

1556  Sept  11 

3U 

1557  Sept  11 

812 

1558  Sept  11 

812 

1559  Sept.  11 

312 

1560  S«*pt.  11 

312 

1561  Sept.  Ill 

312 

1562  S«*pt  11 

813 

1563  Sept.  11 

312 

1564  Sept  11 

312 

1565  Sept.  11 

.312 

< 


(  18.. 
18;.. 
18.. 

lis... 

13.. 

I   I 

18.. 

is;. 

I  I 

18.. 
18.. 
18. 
18.. 

18;.. 

is:.. 

I 
1S\. 

IS., 

is'.. 

18.. 
18.. 
13.. 

ISi.. 
18|.. 

isj.. 

18|.. 
I 

is;.. 

i 
13.. 

is:., 
is. 

18'. 

is.. 

IS.. 
IS.. 
18.. 
IS.. 


1 


I 
i 


1 
> 


o     f 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

t 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Lk§,  F^MLFmL 


\ 

i — 

■ 

: i 

•I I.— .-I 

.1 : ..  i 


i 

I 

i 

[  i 


m 

I 
J 


KEPORT    OF    THE    CHIEF    OF    OKDNANCE.  591 

m>ok.  N.  J.,  from  October  15,  1984,  (o  Septemba-  15,  1^*85— Coutiuiieil. 
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RoondB  lan-isat  Hrsd  Is  31  ulaatsi. 
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KKPOKT  OF  THE  CHIEF  OF  ORDNANCE. 


lU'vord  of  Jiritut  with  'S.'Z-inch  breech-hadiMg  rijit  {Bttth  atSiU\. 


Vov>  tier. 


PnijiHTtile. 


Tiiiic. 


Kiud. 


Wjrt 


^   i 


I*.  M. — Banmu'liT. 


I  ir>f.«;  s««pt.  11 

I 

I  l.VwSejit.  11 
l^Ci^SeiH.  11 
l.'t<i!)S<>]>t.  11 
i:>7l)Si'iit.  11 
l.'iTl  Si'iil.  11 
l.'.TJSt'pt.  11 

j  i:»7:»Si'pt.  II 
!  i:»74  St'iit.  11 
i:.7:»Sti»t.  11 


1 


3U.'JL'5:  tluTiiuiin-      i-.-,;  <..,.,    n 
I'tiT.  68:    liinnul-  1  * 


itv.  0*:. 


!  i:»77  Si'jit.  11 

j  ir>7>Sfiit.  11 

■  ir.7i»s.«|it.  11 

l.XiSrpt.  II 

I  l.'iSl  Sept.  11 

l.VJS.'|it.  11 

I  l:>:S»'|>t.  11 

;  i:.MS»'|>t.  11 

I 

J  i.'»s;i  s»»pt.  11 

i 

[  i.vnSi'pt.  11 

I  l>7Si|H.  I'J 

I  ir»>ssi'pt.  i:* 

:  i.vjsopt.  rj 

!  iWH»Si-pt.  rj 

I  ir»JM  Sfpt.  i'2 

■  isy-JStpi.  \'2 


I 


,   .,     ,,  ,      !  i:iy::Sipi.  vi 

A    M.      ILiiiiiiii'tci,  .  ' 


il\ .  p'J. 


l.'.li.".  Si  pr.  I'J 

IT'lMiS.  pt.  I'J 

i:.!i7Si'pt.  IJ 

l.'.!•^s^•|.^  v: 

i:.'.»:»Srpt.  11' 

U;ini  Si  pt  \'2 


I- 


I- 


X 


f   :i\'2 

'.1 12 

yi2 
y  I'J 
:n2 

•M'2 
A  12 

;« 12 

312 
3  12  I 
j     3 12 

I 

!  3 12 
I  3  12 
3  12 
:{12 
3  12 
3  12 
i     3 12 

I  V 

'     3 12   ' 


'  3  12 
3  12 
3  12 
3  12 
312 
3  12 
3  12: 
3  12 
3  12 
3  12 
3  12 
3  12 
3  12 
3  12 
3  12 
3  1"J  ! 
3  12   I 


KiDil. 


-/ 


W^t 


z  S       c 

s^  5    S 


r  13 

13 
13 
13. 
13 
13 
13 
13 
I  13. 
13> 

la' 

■ 

131 

13-. 

j 

13 

13  . 

13 

13. 

13 

13 

13. 

13 

13 

13 

13 

13 

13 

13 

13  . 

13 

13 

13 

13 

13 

13 

13. 

13. 


o     ' 
0 

0 

0 

0 

u 

0 
0 
0 

u 

0 
0 

u 
u 

0 
0 

u 

0 
0 
0 

u 

0 

u 

0 

u 

0 
0 
0 
0 
0 
0 
0 
u 
u 

0 

u 
u 


«  e    "S  s 


^ 
p' 


L6#.   /V<f  /'*rt. 


3 
t 


X 


c 


i     5 


i    i? 


I 

! 

8 

r 

i  \ 
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»«ik,  y.  J.,from  Oelober  15,  1844,  to  SepUmber  16,  ISes— Continued. 


til  lire,  budIi  u  eflbol  on  pleOB,  MaDtl  of  pn^tutile  in  fllt-l't.  M»U«niig  at 


BooDda  1S3T-ISM  Uni  in  K  ralnnt 


4625  r.iiD 38 


Vj 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

liecord  of  firing  with  3.2  i'mcA  breeck-loadiny  rifle  \^9teel )  «f  SoMii 


i  2 
5      Tim»'. 


I     u 


Powder. 


Kind. 


Wfft, 


-i«' 

~   V 


Projectile. 


Kind. 


VTgt 


5-2    5  5 
2      £- 


r=5         is      5—       S 


BIjl 


IHiJ.V 


A.  M. — Huionirti  r. 

:iii...'fi .  iiUM'riiiiin 
«*lfi.  •'"»;    liiiiiiiil    ' 


l002.St'iii 

t.  12  1 

3  12  1 

IG03  Sep 

t.  12 

3  12. 

1004  Si-i>i 

t.  12 

■ 

3  12 

l«  »:•  Sep 

t.  12 

3  12 

le-Vi  Se])1 

I.  12 

3  12 

;   inuTSepI 

I.  12 

3  12 

ICiV  Sep 

t.  12 

3  12 

It'iiili  Sep 

t.  12 

3  12 

I    Hi  111  Sep' 

'    12 

3  12 

1  ir.n  s.-pi 

\.  U 

3  12 

1 

j    H512Sep 
i 

t    IJ 

1^ 

3  12 

,   Hiis  Sp 

:.  12 

= 

3  12 

Itil  i  ."^epl 
Hn"^  <ep 

t.  12 
1.  12 

3  12 

3  :2 

H51il>ep 
1»*17  <ip 

3 
1- 

3  12 
3  12  i 

;    lGl^S,  p 

ijr.JSfi.i 

t.  12 

1       ' 

1 

3  IJ   1 
3  12 

ICJi'  SmJ, 

.  IJ 

*S 

3  12 

\    l!'.21  Sep 

12 

« 

3  12 

!    lfi2.:Sep 

1.  12 

• 

.   3  12 

ICJ:;  S.pi 

!     ICJIS.  p 

.  12 

f.  i_ 

X 

3  12 
3  12 

1   1 1-2 -.Sen 

1.   12 

Zl 

3  12 

j  i«;2i;s«pi 

.  ij 

:   312  j 

1   ltVJ7S.pi 

t.  12 

]     3  12 

'    IilJ-S.]. 

r    '•' 

1  >      1  ■■ 

'.  i'-:;'S... 

[.  I: 

3  12 

;  i''=-'^' !' 

•  ■! 

:>  12 ; 

j  ii>  ;i  Si  pi 

t.      1. 

3  12  1 

i  ii;.:js.-p' 

.   12 

3  12  j 

.   12 

■ 

3  12 

ir..;4  Si  pi 

.   l" 

■ 

3  12 

•  ;•■ .-.  ^.  1,: 

f    1 
1  > 

1 

i  12  1 

f  13 

13 

I 

13 

13 


..I 


13 


13 
13 

,13 
13 
13 
13 
13 

13 

■13 

'   13 

I 
13 

13 

'■   13 


I     !•= 


I  13.. 
13  .. 
13  . 

Ir 

1 

13  . 
13. 
13  . 

i  '■'■ 

i  i;: . 

I    13  . 

13  . 

I    13  . 

I 

13. 

13 


^       r 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

l» 

rt 
II 
II 
0 
0 
(I 
0 
0 
0 
0 
0 

I) 

0 
0 
0 
u 
0 
0 
0 
0 

ll 


Lbt.   Feet.  Feet. 


I   ; 


•      « 


* 
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REPORT  OF  THE  CHIEF  OF  OBDMANCE. 

Rfoord  of  firing  trith  3.2-iiiok  ftreaeMpMiiaf  r{)U  (tied)  tt  ta4 


Powder.      I      Prcjectile. 


•*.! 


9     . 

U 

^      Time. 


;wgt 


r.  M. — Baioinotor. 
30.*J14:  tlierinoin-^ 
•■(ter.  71;  humid- 
it  y.  72 


^  ! 
a  ; 

in 


1885. 
1638iSept  12i 

I  ! 

1637,Sept.  12; 
iiessjsept  12 
:  1630  Sept.  12 
.1640  Sept  12 
1 1641  Sept.  12 
|l642{Sept  12 
ll643JSept.  12 
IGMJSept.  12 
IGisjSept.  12 
'1646|sept.  12 


Kind. 


il647 
1 1648 


Sept  12 
Sept  12 


1649^  Sept.  12 

1650  Sept  12 

1651  Sept  12 
!l652vSi>pt  12 

11653  Sopt  12 

I 
1654 


Sept.  12 
;i655|Sept  12 
;i656|sopt.  12 

16r>7|Sept.  12 
'1658!s4*pt.  12 
;i659JSept.  12 
'1660|Sept.  12 

1661jSept.  12 

-l662{Sopt.  12 

)        I 
1663^  Sept.  12 

11664  Sopt.  12! 

I        ■ 

1665'Sopt.  12i 
1666,  Sept.  12= 
1667  Sipt.  12 
1668;  Sopt  12 
1669^  Sept.  12 
1070' Sept.  12 


a 
o 


s 


c 

X 
»4 


a 
c 


Kind. 


si; 


312 

■  I 

312; 

3!  12' 

■         I 

i    I 

■  3^2, 

312' 

312 

>    I 

i  3:i2' 

I    •    . 
312. 


312 

1     t 


812 

8'l2' 

!     1 
8  12' 

812; 

812 
312 
812 

8!l2 

I 

i  i  8jl2  >« 


:  3.12 

I 


812 
I  3.12 


312 
312' 
312 
312 
8 12: 
312 
312i 

312 

I 

3,12 
312" 
312 
312' 
312' 
312 


.e 

o 

2 
I 


Wgt 


si:  I 

i£:5-     N 


'Hill 


V 
V 

8 

h 

a 


— I- 


I8l 

.8: 
iS: 

»j 

si 

I 
111 


u 

I      I 

I   I 

8 


I 
8 


3 


'5 


IS- 


it! 

!U 

p 

18 


•    0 

I    0 

i 
:    0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


i" 


I. 


3 

J 
s 
I 

i 

I* 

i 

•^      II 

C 

1 


J 
1 
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POWDER  CHi«BER. 


1 

i 

'  1  !  i  ^ 
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Top  of  frame  1  inch  by  4  inches  iron  :  bottom  of  frame  one- half  inch  by  4  ii 
iron  ;  slot  in  ono  side  for  bolt  of  lock.  Fonr  anchon  on  each  Aide  of  (l«H>r  frame  tk» 
eighths  iuebo8  by  2  inches  iron,  IH  ini^hes  long,  angle  to  center  of  wall :  each  ucte 
bolted  to  fnmie  with  two  one-fonrth  inch  bolts;  heads  counterBUiik,  oii«'-half  iad 
round  iron  pin  10  inchos  long  in  anchor  in  center  of  wall. 

7Vo  iron  doort. 

Frames  one-half  inch  by  2  inches  iron,  covered  on  the  ootside  with  beat  aheH-ina 
No.  L4  wire  gan«<:e,  and  on  the  inside  with  No.  16  corragat«d  aheet^iron,  the  inaii 
sheet  out  even  with  the  iVauie;  the  outside  sheet  extends  one  inch  aroand  theentiii 
door  and  laps  on  door  frame,  the  two  sheets  riveted  tog«*ther  throuffh  the  frame  evdj 
three  inches.  Three  8tra])s  for  hinges  ext-end  the^'htde  width  or  the  door  and  m 
bolted  to  same  with  nine  bolts,  one-fourth  inch  in  each  stran,  one  eyebolt  on  tbeott 
side,  at  the  bottom  of  each  door,  1  inch  diameter,  one-fourth  inch  iron.  One  bcifj 
lock  on  each  d(H>r  6  by  8  inches,  with  wrought  iron  case,  six  tnnililers,  hnm  btk 
and  guards,  and  two  brass  keys  for  each  lock.  One  oval  drop  handle  uneachdMt 
three-eighths  inch  brass,  oval  2  by  4  inches. 

Eight  iron  window  frame*. 

Inside  measurement,  4  feet  wide,  7  feet  maximum,  G  feet  8  inches  minimum  heifhfc 
Angle  iron  of  same  dimensions  as  that  use<l  in  the  door  frames ;  three  anchoi>  m 
each  side  of  window  frames;  the  anohorh  the  same  as  the  door-frame  anch(»n:  tn 
holes  tive-tiigliths  inch  square  in  the  window  frames,  on  each  at  top  and  bcittom. 

i<ixteen  iron  shutterB  ;  two  for  each  window. 

The  frame  for  shutters  one-half  by  2-inch  iron,  covered  on  the  outside  with  XaM 
sheet-iron  and  on  the  inside  with  iron  of  the  siime  gauge,  corrugated.  Theostiiii 
sheet  ])rojectsone  inch,  as  in  the  doors,  except  the  left-hand  shutter  of  each  wind**. 
The  outside  sheet  is  cut  back  on  frame  one  inch  in  the  center  of  the  window  Ibriki 
right-hand  shutter  to  close  over ;  (right  and  left  estimated  from  the  inside  of  bsiU* 
ing.)  Two  strap  hinges  on  each  shutter,  Indt^nl  through  the  same  as  the  doon;  tsi 
eyebolt  on  each  shutter  on  the  bottom  and  outside;  one  catch  on  each  ahattttfv 
swing  bar.  On  each  right-hand  shutter  two  spring  store-door  bolts  one-half  isik 
square,  l{^  inches  long,  one  at  the  top  and  one  at  the  bottom;  one  swins  bar  wiA 
small  knot)  on  one  end,  iron  three-eighths  inch  by  2  inches,  and  24  inches  umg.  Om 
ring  '\  inches  in  diameter  of  one-fourth  inch  nmnd  iron. 

(ialranised  iron  roof. 

The  HHif  on  each  side  measures  2i)  ft^t  G^  inches  by  8U3  feet  3  inches. 

Eleven  iron  purlins  l>etween  rafters  on  each  side  4  inches  high,  flanged  incheHrAi 
distance  between  purlins  being  3:<|  inches  from  center  to  center.  The  iron  fortki 
roof  is  of  the  best  bloom  slieet-inm  No.  )!0  wire  gange,  cormgated  and  ffalTsaia'? 
the  depth  of  cornigati<m  is  three-fourths  inch,  sheets  3  feet  by  7  feet  3  incbis.M' 
well  fastened  together  by  tinned-iron  rivets  on  the  upper  corrugations.  The 
lap  1^  inrhes  on  both  sides  and  ends,  and  strips  of  canvas  dipped  in  oil  and 
lead  are  laid  between  the  joints,  making  I  hem  impervious  to  air  and  water. 

The  roof  is  fastened  to  the  purlii>s  by  a  galvanized- iron  U-shaped  strap 
inch  by  thn'e-fourthsof  an  ineh,an<l  14^  inches  long,  bolted  to  the  n ppr  r  oof  i  uf  stiwMi 
each  side  of  the  purlins  and  carrietl  under  and  around  the  purlins.  The  ridge  of  thi 
roof  is  tiniRlied  by  a  roll  l^  inches  in  diameter,  bolted  to  the  roofl  A  oomiee  is  ~ 
ened  to  the  roof  on  each  end  of  the  building,  making  four  pieces,  each  89  feet  6 
lon^.  .*)  inches  by  ;'>  inches. 

The  eavcM-t rough  extends  on  each  side  of  the  bnilding  its  entire  length, 
two  tioiighs  each  204  feet  1  inch  long  by  13  inches  wide  and  Tatying  in  denlhfttf 
4^  iiM'hcH  to  10^  inches,  to  fit  hooks,  and  is  well  soldered  to  the  roof  and  fiaiihii* 
the  outer  edge  by  a  ({uarter  inch  round  in>n  formed  in  the  edge  of  the  eaTes-tnH^ 
The  sheets  are  joined  together  to  carry  the  water  to  the  center  and  to  eaeh  eodsfthi 
buihling.  each  section  being  51  feet  with  0  inches  fall  in  section. 

The  eaves-trough  hoc»ks  are  made  of  three-eighths  iuoh  by  :i-inch  iron,  ^1  ■> 
boltt'd  to  the  purlins  and  held  in  place  by  a  dat  barof  iron  one-foorth  of  aa 
li  inch,  running  the  entire  length  of  the  building.  The  two  lower  pmliBaaie 
nected  by  ti  ve-<'i^hths  inch  iron  bolts  34  inches  long,  every  5  feet,  t?  cany  thsMM^ 
trough,  lender  the  eaves  trough  and  on  the  outer  edge  of  the  briek  wall  is  adl(|^ 
angle  sheet-iron  1  inch  b}*  1^  inches,  soldered  to  the  eaves-trough. 

Two  leaders,  (>  inches  in  diameter,  14  feet  1  inch  long,  inclndlng  olbo^ 
water  table.     Four  leaders,  4  inches  diameter,  14  feet  1  iiMh  longyinoladii^i 
around  water  table,  and  one  receiver  for  each  leader. 
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The  Iroof,  eavea-trongh,  leaders,  roof-roll,  cornice,  and  drip,  are  of  the  hett  No.  90 
"wire  gange  galvanized  sheet-iron,  and  painted  on  the  outside  with  one  coat  of  metal- 
lic paint. 

Specifications  and  bill  of  iron/or  a  corrugated  galvanized-iron  moffor  a  magoMine  building 

at  the  United  States  Powder  Depot ,  New  Jersey. 


QoMitity. 


It,  050  aqoftre  feet. 


Articles. 


Gftlvanisf  d.  corrugated,  best  bloom.  No.  20  wire  gauge  sbeet- 
I      iron ;  depth  of  comigationa. }  (neb ;  width  of  cormgatioiis, 
3|  inched ;  size  of  Hheets,  7  feet  8  inches  by  8  feet,  for  roofing. 

816  feet Galvniiizcd  sheet-iron  stamped  flashing,  TSTo,  20  wire  gauge.  14 

inches  wide,  7  inobes  corrugated. 

204  feet Ridgo  or  roof  roll,  3^  inches  diameter,  galTanited,  sbeet-iroo 

of  same  quality  and  gauge  as  above-uescribed  roofing  htm 
(to  be  made  as  per  drawings). 

118  feet I  Cornice  5  inches  by  5  inches  best  bloom,  Ko.  20  wire  gauge 

sheet-iron  (to  be  made  as  per  drawings). 

408  feet Drip,  best  bloom,  Ko.  20  wire  gauge  sheet-inm  (to  be  made  as 

jper  drawings). 

408  feet  2  inches 2- inch  eaves-trough  13  inches  by  4|  inches  to  10^  inches,  best 

bloom,  Ko.  20  wire  gsujre  sheet-iron  (per  drawings). 

26  feet ,  6-inch  leader  pipe,  best  bloom,  Ko.  22  wire  gauge  i^eet*iron 

(per  drawin^zs). 

6 6-inch  elbows,  best  bloom,  Ko.  22  wire  gauge  sheet>iron 

52  feet   4-inch  leader  pipe,  beat  bloom,  Ko.  22  wire  gauge  •heet'lron 

(per  drawings). 

12 4-inch  elbows,  best  bloom,  Ko.  22  wire  gauge  sheet>iron 

2 Receivere  for  6-iuch  leaders,  Ko.  22  wire  gauge  aheet*lron  (see 

i      drawings). 

4 {  Receiver  a  fur  4-lnch  leaders,  Ko.  22 1»  ire  gauge  •heet'iron  (see 

drawin^H). 


432  feet  6  inches j  |-incb  by  U-inch  bar  iron,  cut  to  required  lengths 

'  inch  by  1^  inches,  square  head  and  nut.... 


820 i  Bolts 

160 !  Bolts!  inch  by  1|  inches,  countersunk  heads 

50 '  Bolts  I  inch  by  1  inrh,  countersunk  heads 

1.900 Bolts  for  fttrap  and  ridge  roll,  i  inch  by  f  inch  stove  bolts 

880 1  Galvanized  U-shaped  m>n  straps  for  purlins  |  inch  by  finoh 

by  Hh  inches  (see  drawings). 

28 Leader  nooks  (made  as  per  drawings) 

80 K-inch  round  bar  iron  tie  rods,  3  feet  long 

27,000 !  Iron  rivets,  tinned,  ^  inch  by  |  inch 

27,000 Burrs,  tinned,  for  above  rivets 

160 j  Forsed  irou  hooks  for  eaves-trough,  |  inch  by  2  inchea,  as  per 

I      following  description  (see  drawings). 


Depth 
'  Hooks.  •   of  eaves- 
I     trough. 


No. 
4 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


Inches. 

lis 

6A 

7A 


Total 
length. 


Inches. 
35 

i 

86,\ 

36A 
36U 

37A 

m 

38A 


Depth 

Hooks. 

of  eaves- 

; 

trough. 

1 

Ko. 

8 

8A 

8 
8 

tti 

8 

0 

8 

8 

8      ! 

^ 

8 

lOA 

8 
4 

iSd 

Total 
length. 


Indies. 


Weight. 

Pownds. 
27,110 

2,150 
894 

258 

206 

1,606 


t 


14 
91 


11 
18 

488 

81 
5 


91 


1,184 


84,0721 


All  of  the  foregoing  iron  is  to  be  e({iiul  to  the  best  quality  made  bv  McCallongh,  of 
Philadelphia.  It  is  to  be  of  the  shapeH  and  dimensious  shown  in  tne  drawing^,  and 
will  be  subject  to  inspection  and  tosi  before  acceptance. 

The  bidder  to  whom  the  coutract  is  awarded  will  be  famished  with  the  necessarj 
drawings,  a  strict  compliance  with  which  in  all  their  details  will  be  re<ioired. 
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Record  of  tesit  of  iron  for  Magazine  Xo.  3,fHrmi9ked  hjf  ilie  Paeeaie  BolUmg  JfiH 

of  Pater Bon,  X.J.^  under  contract  of  SeptoM^ber  i^,  ISBA. 


[Tested  for  Piccatinny  Powder  Depot  by  St.  J.  Clarke.] 


Date. 


Date. 


s 

B 

9. 
& 


•si 

at 


I 
I 

Manhl2 1   i" 

March  12 .=    \" 

Mai-cb  12 1    i" 


s 
S 

1 

c. 


s 


Jnehet, 
<       a«3 
'       0.73S 
0.855 


«  9 

g  ♦«  a 


I 


.812 
.434 
.574 


00 

a 


a 
I 


17.150 
23.650 
28.900 


1 


54.000 

55.700 
52.100 


1 
11 


^    ■ 
OS 


S  3 


March  12 f" 

March  12 I" 

March  12 |"i 


FoundB. 
30,000 
27.000 
26.800 


2.05 
2.15 
1.8 


8q. 


.181 
.210 


ESTIMATED  COST  OF  BVILDIXG  A  RAI  LEO  AD  FROM  THE  XTKITED  STATES  POWDt 
DEFOT  TO  A  JVyCTIOX  0.\  THE  MOU.\T  HOPE  MISEEAL  EAILEOAD,  AEW 
OyS  MILE  FEOM  FORT  ORAM. 

Clearing  ami  frnibhinj;  1*^501)  f«»pt,  at  85  per  100  feet |8fi  • 

3,100  cubic  yards  rock  excavation,  at  81.50  per  yard 4,660t 

ii,*2fil  cubic  yards  earth  excavation,  at  :J0  cents  per  j'ard 1,8*4  3 

IQ.OiV)  cubic  yards  earth  excavat ion,  at  40  centB  i>er  yard 7, 622 1 

2,.V20  cubic  yards  earth  excavation  in  ditcheH,  at  50  cents  jier  yard 1,W  fl 

4r>0  cubic  yards  dry  masonry  in  culverts,  at  84  per  yard 1,(401 

l,r)00  cubic  yards  dry  masonry  in  side  walls,  at  $1.50  per  yard 9,iS0C 

410  cubic  yards  mortar  masonry  in  bridges,  at  8^>  |>er  yard :S,409I 

l,l>20  cubit*  yards  embankment,  at  50  cents  per  yard 90  C 

40  feet  bridge  superstructure,  at  840  per  foot 1,6001 

Ballast,  broken  stone  1  foot  X 10  feet X  12,500=5,000  yarda,  at  75  cento  per 

yard 3,7501 

Track  superstruct ure,  12,500  feet,  at  81  p<-*r  foot 1^ 500  < 

Right  of  way 3,0001 

Two  sidings,  l,2tH)  feet  each,  at  $1.50  per  foot 3,6001 

One  water  tank - 5001 

One  engine-hous«». 1,5001 

Fencing,  '2,900  feet,  at  JO  cents  per  foot 5^( 

Engineering 1,8001 

Contingencies 1,879! 

Total 54,«0i 
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Appendix    51. 


By  Libut.  Col.  D,  W.  Flaglxr,  Ord.vangk  Dbi-artmkst,  Commakdinq. 

(8  plales.) 

Shop  H. — An  iroti-Jinixhing  nh<ip  for  the  armorti. 

{Plsitcs  I  and  I!.) 

Tbis  sbop  wa8  conimeuced  in  August,  187S.  The  walls  of  the  Imild- 
ing  had  been  completed  befoie  llie  i)egituiiiip  of  tlieflscal  .year.  The 
work  done  on  it  during  tbe  year  i8  as  fullows : 


Tbe  roof  Las  been  put  oil  and  corupleted.  This  includes  tbe  iron 
trass  roof  frame  (wbicb  bas  bewt  described  in  i>revious  reports) ;  the 
wooden  sheathing  IJ  by  8  inclien,  planed  and  matched  ;  heavy  copper 
gutters,  hips,  valleys,  peaks,  and  pediment  ftashiiigs,  and  tbe  slat- 
ing. The  total  area  of  llie  mof  is  a  little  over  50,UO0  square  fei't,  or 
about  \\  acreH.  Tbis  roof  bas  the  same  skylight  4  feet  wide  along  tbe 
wbole  of  one  side  of  tbe  peak  that  was  put  on  shops  G  and  I,  for  tbe 
better  lighting  and  ventiltttion  of  the  third  story.  Tbe  glass  U8i-<1  in 
tbe  skylight  is  heavy  ribbed  oust  plate,  |  inch  thick,  strong  enou}rb  to 
bear  a  man  standing  on  it,  aod  to  withstand  the  heavietut  hailstones. 
A  new  and  more  secure  method  of  fastening  flashings  to  tbe  pediment 
cornice  stones,  shown  on  Plate  II,  was  adopted  for  Ibis  building.  The 
old  method  was  to  fasten  tbetO)>dasbiiig(copper)  into  a  small  horizontal 
groove  (in  place  of  the  pniove  n}  by  tamping  iu  lead.  This  endangered 
splitting  otf  the  top  of  the  stonett,  above  the  groove,  and  the  groove 
could  not  be  so  securely  packed  as  to  always  jirevent  water  from  get- 
tiug  around  the  flashing,  and  t  hence  down  the  inside  of  the  walls  of  the 
building.    The  new  method  is  mncli  more  seeure  and  is  cheaiH'r, 

Down  spouts. — From  the  roof  gutters  down  to  near  the  water  table 
these  down  spoutM  are  5-inch  Uiiimeler  pipes,  made  of  2ii>ound  sheet 
copper  brazed  together.  The  remainder  is  a  cast-iron  jtipe  extending 
down  into  the  sewers  under  ground.  Ice  in  these  down  spouts,  so  com- 
mon in  cold  cUmates,  has  caused  much  trouble  in  all  the  buildings  pre- 
vionsly  erected.  Snow  melts  in  the  snn  on  the  roof.  The  snow  water 
rans  down  in  the  spouts  on  the  shaded  sideti  of  the  buildings  and  freezes 
there  until  the  sjiouts  become  filled  with  ice  np  to  the  gutters.  The 
gutters  then  fill  with  ice,  which  backs  the  water  up  ander  the  slating, 
and  it  runs  down  and  freezes  inside  of  the  building.  It  is  nearly  im- 
practicable to  remove  the  ice  before  spring. 
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To  overcomo  this  difficulty  I  have  adopted,  after  experimenting  and 
successful  trial,  the  new  arrangement  of  the  down  siKHits  shown  in  Pig. 
2  on  Plate  II,  and  have  used  this  on  Shop  H.  The  water  is  allowed  to 
fall  from  the  bottom  of  the  spout  a  one  foot  into  the  funnel  below.  It 
lessens  somewhat  the  formation  of  ice  in  the  spout  below,  and  if  the 
spout  is  tilled  the  water  then  runs  over  the  funnel  and  down  the  outside 
of  the  buildin*?,  saves  tiie  {^utters  and  slating,  and  prevents  water  frw 
getting  into  the  buiUling.  The  ice  has  not  yet  in  any  case  closed  up 
the  gap  b(»twe(Mi  the  funnel  and  the  spout  above.  Should  it  do  so  it  en 
be  seen  and  removed. 

The  lire-proof  arches  for  all  the  floors  have  been  put  in  and  the  floon 
laid.  The  first  and  second  floors  are  of  1 J  inch  oak,  matched  wd 
planed,  and  the  third  floor  of  Hinch  Southern  hard  pine,  also  uiatcM 
and  ]>laned.  The  doors  and  windows  have  all  been  pnt  in.  The  extt> 
rior  area  walls,  steps,  and  ])latforins  have  been  built  and  completed. 

At  the  close  of  the  year  the  plastering,  painting,  the  basement  floor 
and  the  grading,  the  stone  walks,  and  the  construction  of  the  strati 
and  avenues  around  the  building  were  in  progi^ess. 

Shop  Iv. — ^1  finishing  mid  utocking  shop  for  the  armory. 

(Plate  I.) 

This  shop  was  commenced  in  July,  1881.  It  is  the  last  of  the  slio|M 
embraced  in  the  ])lans  for  both  the  armory  and  the  arsenal.  The  work 
done  on  it  during  the  year  is  as  follows: 

STONE   WORK. 

The  balance  of  the  stone  required  for  the  second  story  (about  0Q^ 
fourth)  has  been  purchased  and  cut,  and  the  walls  of  this  story  km 
been  complete<l.  Xearly  one-iialf  of  this  story  was  built  in  the  preeei- 
ing  year.  About  one-half  of  the  stone  for  the  third  story  has  been  jmt 
chased,  and  its  cutting  was  in  progress  at  the  close  of  the  year* 

IRON   WORK. 

The  iron  floor  beams  for  the  third  floor  have  been  purchased  fli 
fltted  for  the  building  in  the  arsenal  shops.  The  columns  to  sa|ip0t 
this  floor,  with  their  caps  and  bases,  have  also  been  cast  and  fltted k 
the  arsenal  shops.    (The  ])urchase  of  the  floor  beams  consumed  nctitr 

one-half  of  tiie  annual  appropriation.) 

Storeiiousk  a. 
(Plate  I.) 

■ 

Tiiis  building  was  commenced  in  April,  1883,  and  is  the  flrst  of  Ik 
storehouses  required  for  the  arsenal  and  armory.  At  the  (dose  of  Ik 
preceding  year  the  basement  and  first  stories  only  had  been  hA 
The  work  done  on  the  building  during  the  year  was  as  follows : 

STONE  AVOBK. 

During  the  fiscal  year  the  walU  of  the  second  and  third  stories 
been  built  and  the  walls  of  the  building  completed.    A  portioDOf  C| 
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area  walls  and  the  massive  retaiuing  walls  for  the  wagon  ramps  lead- 
ing to  the  basement  have  also  been  bailt. 

ROOF. 

The  same  roof  as  that  for  shop  H,  which  has  already  been  described 
in  this  report,  has  been  put  on  this  storehouse,  except  that  the  iron 
trasses,  which  in  the  shop  roofs  are  placed  10  feet  apart,  are  in  the  store- 
house placed  10  feet  apart,  and  tltej  and  the  iron  purlins  are  made 
more  than  correspondingly  stronger.  This  gives  a  handsomer  roof,  and 
the  arrangement  permits  a  better  disposition  of  the  iron,  so  that  al- 
though the  roof  is  made  about  11  per  cent,  stronger,  its  cost,  at  the 
same  prices  of  labor  and  material,  would  be  about  7|  per  cent.  less. 

During  the  year  the  iron  columns  for  the  second  and  third  floors,  and 
the  floor  timbers  for  these  floors,  were  put  in,  and  the  third  floor  was 
completed.    All  of  the  windows  and  a  portion  of  the  doors  were  put  in. 

At  the  close  of  the  year  the  laying  of  floors,  plastering,  painting,  ex- 
terior granite  platforms,  steps,  the  walks,  grading,  streets,  and  special 
roads  were  in  progress. 

This  building  was  partially  described  m  my  annual  report  for  the 
year  ending  June  30,  1883,  and  a  full  description  is  deferred  until  after 
its  final  completion,  which  will  be  about  November  1. 

REPAIRS   OF   BUILDINGS,  IMPROVEMENT   OF  GROUNDS,  AND  GENERAL 

CARE  AND  PRESERVATION. 

(Plate  111.) 

In  consequence  of  the  totally  insufllcient  appropriation  under  this 
head,  it  was  absolutely  necessary  that  nearly  all  of  it  should  be  ex- 
pended in  the  care  and  preservation  of  buildings,  the  water-power, 
shores  of  the  island,  and  the  bridges.  Much  necessary  work  under 
this  head  had  to  be  left  undone,  especially  the  repainting  of  buildings, 
for  their  preservation,  and  rci)airs  of  railroads,  and  no  progress  of  im- 
portance could  be  made  in  the  way  of  carrying  on  needful  improve- 
ments of  grounds,  roads,  &c. 

The  only  considerable  separate  items  of  work  done  under  this  head 
are  the  following: 

The  construction  of  830  feet  of  new  sewer  to  discharge  the  sewage 
from  the  barracks  and  other  buildings  on  £ast  avenue  into  the  river 
at  a  point  below  the  [)uiii])  house.  The  excavation  for  this  sewer  had 
to  be  blasted  through  rock. 

The  construction  of  a  strong  gutter  and  iridewalk  along  the  south 
side  of  Main  avenue  from  West  avenue  to  the  west  en<l  of  the  island — 
nearly  one  mile.  The  work  was  done  mainly  by  enlisted  men,  and  was 
necessary,  in  connection  witii  some  ditching  and  draining,  to  complete 
the  avenue  and  save  its  bank  from  washing. 

The  laying  of  a  new  4inch  oak  floor  on  the  Kock  Island  wagon 
bridge.  The  old  tioor  was  entirely  worn  out  and  had  become  unsafe. 
The  main  tloor  beams  of  this  bridge  are  wood,  are  decayed,  and  should 
be  replaced)  by  iron  beams.  The  joists  are  also  much  decayed,  and 
should  be  renewed. 

The  construction  of  a  10,000-gallon  iron  tank  under  the  roof  peak  of 
shop  C,  with  the  necessary  pumps,  pipes,  water-gates,  and  hose,  for 
the  better  interior  lire  protection  o^'  this  building  and  shop  E  (see 
Plate  111  transmitted  herewith).    The  tank  is  filled  from  the  water-main 
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by  a  small  piiinp,  P,  in  the  madiine-sfaop.  Tbere  are  five  100-foot lengfti 
of  linen  hose  on  each  of  the  four  doors,  each  supplied  with  the  pra^ 
water-gate,  so  that  in  a  few  seconds  a  stream  of  water  can  be  tarnedoi 
to  any  i)art  of  each  floor.  This  is  the  plan  for  the  l>etter  interior  te 
protection  of  each  shop,  when  in  use,  mentioned  and  partially  describe! 
in  my  annual  report  of  J881. 

It  wns  hoped  that,  in  consequence  of  ettbrts  and  representations  mib 
last  year,  a  more  suitable  appropriation  under  this  head  wonld  be  mail 
by  Congrcvss  at  its  last  session.  1  quote  hen^  some  remarks  made  in  ^ 
last  annual  report  on  this  subject: 

I  feel  it  my  duly  to  invite  the  attention  of  the  Chief  of  Ordnance  to  thts  fact  tktf 
the  appropriation  aUowed  for  thin  chiss  of  work  for  several  yeare  past  has  li««nmMk 
less  than  it  on^^ht  to  bo.  The  utnioat  that  is  posHiblc  hast  been  done  to  ecouoaia 
It  is  nearly  impoHsibh?  that  some  improvement  of  ^ronnds  shoaUl  not  be  carried  a 
in  conne<.>tion  with  the  construction  of  bniUlings,  in  order  to  ntilize  the  matciwh 
excavated,  iiniNh  trroiinds  around  the  buihliu^,  and  furnish  nee<lefl  improTeBHi 
for  use  in  carry in^j;  on  other  work  Benid^N  this,  the  buihlinf^s,  roa«l8,  and  other i» 
provementH  are  now  of  such  magnitude  that  they  reqnire  fully  ten  times  as  ninckif 
their  proper  car«'  and  preservation  as  they  did  thirteen  years  ago,  at  which  tinethi 
appropriation  for  this  work  Was  doubh*  that  which  has  been  allowed  in  the  paviftr 
years. 

I  k'low  of  no  1iett4«r  method  of  exhibitin>;  this  than  by  comparison.     Theeiteilrf 
the  work  that  on<;:ht  to  be  done  to  ke<*p  in  good  onler  and  repair  streets,  av 
grounds,  hir^e  bridges,  shores  of  the  i>hind,  railroads,  gutters,  walks,  Hewers, 
work^,  and   the  dams  and  gates  and  other  eonstnictitms  pertaining  to  the 
powrr  is  equal  to  the  work  of  a  simibir  kind  done  in  a  city  of  10,000  inhabitants. 

In  a<blitiiM)  to  this,  the  buildings  and  other  const  met  ions,  taken  care  of  by  prifili 
owui  IS  in  a  eity,  must  be  kept  in  repair.     J  estimatt*  that  $9,000 onght  to  IteespniM 
in  the  (Hiuiing  year  in  repainting  buildings  and  bridges  alone,  for  their  profver  pi 
vation. 

W  ATKR-rOWEK   POOL. 

(Phite  IV.) 


1  regiet  to  state  tliat  the  small  amount  of  work  remaining  niifinisM 
in  tho  >vater  power  ]><)ol,  lor  whicii  a[)propriation  was  made  by  Congrai 
in  the  sundry  civil  aet  approved  March  3,  1881,  could  not  be  compMBl 
last  tall,  in  coiiseipuMiee  of  a  sudden  rise  in  the  river. 

Tlie  river  had  fallen  to  so  low  a  sta^e  (2^^  fet^t)  on  August  25, 1881^ 
as  to  make  the  work  practicable,  and  the  work  of  putting  in  ooflTer-daM 
was  commenced  on  that  date.  The  dams  were  completed,  the  pool 
drained,  the  necessary  boats,  derricks,  pumps,  tramways,  and  ottar 
appliances  were  ]>ut  in  order  and  in  position,  the  necessary  roads 
completed,  and  the  work  of  blastiujEi:  and  hauling  out  rock  was 
menced  on  Se))tember  7,  and  was  continued  until  September  19,  wtai 
the  river  rose  suddenly  about  4  feet,  and  a  rise  of  9  feet  was  reportei 
to  be  comin«x  dt  wn  the  river.  The  property  was  then  secured,  the  daai 
cut,  an<l  the  work  abandoned.  The  highest  stage  (llA  feet)  was  reacM 
on  the  -Sth  of  Sej^tember.  The  work  is  impmeticable  at  a  higher  stap 
than  5  feet,  an<l  risk  and  increased  cost  comnieuces  at  a  stage  of  4  fecL 

About  4,000  <*ul)ic  yards  of  rock  wert^i  taken  out  betwet*n  Septembff 
0  and  10,  and  sutlicient  experiments  were  made  during  the  low  wattf 
to  demonstrate  the  practicability  of  washing  out  deposits  in  the  pod 
through  the  water  ways  constructed  therefor  in  the  iienhaio*8  Islail 
Dam.  Xo  measurements  of  the  amount  washed  out  were  uiade,W 
from  observation  of  the  etl'ects  on  the  bars  i  think  not  less  than  lOyM 
eubi(*  yards  w(>re  washed  out.  1  made  and  operated  a  cheap  nt^ 
'^di^^^er^' for  dig^in^  up  deposits  where  sufficient  corrent  for  cattitf 
away  the  bars  could  not  be  obtained.  1  am  satisfied  some  maehiM*' 
the  kind  will  be  re(iuired,  and  the  experiments  were  carried  Ikr 
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bo  demoostrate  its  economy  and  to  farnish  information  for  making  plans 
tbr  the  machine.  The  device  was  made  and  tried,  and  is  shown  on 
Plate  IV. 

The  wooden  shaft  A  is  supplied  with  hook-shaped  steel  teeth  a  a  a^ 
liranged  on  spiral  lines.  This  shaft  was  revolved  by  a  portable  hoist- 
ingr  engine  (on  hand),  placed  on  a  mud  scow  (on  hand).  The  timber 
mns  B,  hinged  at  by  and  the  tackle  0,  provided  for  raising  and  lower- 
Ingr  the  digger  and  keeping  it  at  the  required  height  against  the  edge 
nf  the  bar.  I  had  no  means  of  moving  the  scow  in  the  strong  current 
Bzcept  with  poles  and  ropes.  The  experience  gained  showed  that  a 
small  steamboat,  to  cost  about  $1,800,  will  be  required  for  this  purpose. 

ORDNANCE  AND  ORDNANCE  STORES. 

In  Appendix  C  (Plate  V)  is  given  a  description  and  full  detail  report 
of  the  manufacture  of  silver  marksman's  pins  and  sharpshooter's  badges, 
rhis  work  was  commenced  at  this  arsenal  during  the  year. 

Five  thousand  of  the  marksman's  pins  and  two  thousand  of  the  sharp- 
■hooter's  badges  were  manufactured. 

In  Appendix  D  (Plates  VI,  VII,  VIII)  is  given  a  description  and  ftill 
detail  report  of  the  manufacture  of  steel  skirmish  targets,  skirmish 
target  cloths,  and  skirmish  paper  targets. 

This  work  was  commenced  at  the  arsenal  during  the  year. 

Six  thousand  skirmish  targets,  nine  thousand  skirmish  target  cloths, 
and  sixty-three  thousand  eight  hundred  and  eighty-one  skirmish  paper 
targets  were  manufactured. 

These  reports  are  intended  to  give  full  detail  information  or  instruc- 
tion for  the  fabrication  of  these  articles,  and  include  bills  of  material 
and  cost. 

A  similar  description  of  the  new  rolling  tiirget  and  new  Brinton 
target,  prepared  at  this  arsenal,  was  sent  to  the  Chief  of  Ordnance 
October  9,  1884. 

I  invite  attention  to  Capt.  A.  L.  Varney's  report  (Appendix  A)  on 
the  manufacture  of  the  Elliott  Intrenching  Tool. 

I  would  state,  as  a  matter  of  interest,  that  84,640  pounds  of  paper — 
three  car-loads — have  been  consumed  at  this  arsenal  during  the  year 
in  printing  targets  for  the  Army. 

Respectfully  submitted. 

D.  W.  FLAGLER, 
lAeuteimnt'Colonel  of  Ordnance^  Commanding. 

To  the  (yHiEF  OF  Ordnance, 

U.  S.  Army  J  Washington,  D.  C, 

Rook  Island  Arsenal,  III.,  October  3,  1885. 


Appendix  A. 

report  on  the  fabrication  of  the  elliott  intrenohino  tools, 

Rock  Island  Absksal,  111., 

February  U,  1885. 
wieut.  Col.  D.  W.  Flaglek, 

Ordnance  Department ,  Commanding  Rock  Island  Arsenal: 

Sik:  I  have  the  hoiiur  to  report  the  conipletiou  to-day  of  the  Elliott  Intrenching 
Tools  made  nD<ler  my  superviHion  in  obedience  to  your  fabrication  orders  Nob.  206  ana 
55,  dated  Jnnc  :J0,  1884,  an<l  D»;cember  2,  1884,  respectively. 

These  tools,  invented  by  First  Lieutenant  G.  F.  Elliott,  United  States  Marine  Corps, 
Udd  patented  by  him  September  25,  1883  (No.  28.')594)  are  of  two  kinds.    One,  adaptea 
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for  n»e  cither  as  hoc  ur  spade,  is  deeiiguated  in  the  authority  for  their  mumlidmai 
an  '*  lutreuclnng  iniploment  for  infantry."  The  other,  a  combination  hoe,  Ami 
pick,  and  crowbar,  is  simply  called  an  *' Intrenching  implement." 

The  inventor  designates  the  latter  as  ''Spade  A"  and  the  former  aa  "SpadiE* 
The  finished  sample  of  **  Spade  A"  and  the  wooden  model  of  **  Spade  B,'*  aabfliittrii 
gnido  in  manufacture;  have  been  followed,  except  in  the  case  of  certain  anth«W 
deviations. 

By  your  direction,  tough  second-growth  hickory,  steamed  and  bent,  baa  beeaal 
stitiited  for  handles  instead  of  the  weak  sawed  ash  of  the  sample.  Certain  tlli 
changes  were  made  by  authority  of  the  Chief  of  Ordnance,  at  the  reqneat  of  Lia 
tenant  Blliott.  See  indorsement  by  Chief  of  Onlnance  of  September  IS  upon  Lima 
ant  Elliott's  application  to  be  ord(^^ed  to  this  arsenal.  See  also  Lieutenant  Elliitf 
letters  (and  inclosures)  dated  Juno  1><),  1884,  July  3, 1884,  Jnly  29, 1884,  and  (two)8v 
tember  *25,  ltf84,  all  of  which  are  returned  herewith. 

Great  pains  have  been  taken  to  have  the  work  done  well  and  with  the  least  ■■ 
ticablo  deviation  from  the  models  and  the  expressed  wishes  of  the  inventor.  All  A 
handles  and  spades  of  the  B  pattern  have  been  made  interchangeable,  as  also  the  pick 
handles,  and  spade  blades  of  the  A  pattern. 

The  spade  blades  and  handle  straps  of  the  B  pattern  have  been  browned  by  ii 
sion  in  fuzed  niter ;  a  process  introduced  at  Watervliet  Arsenal  in  1881,  at  tbei 
tion  of  Captain  CI i fiord. 

The  handles  of  both  A  and  B  tools  have  been  finished  with  oil  and  shellac.  II 
metal  parts  of  both  tools,  except  the  sheet  steel  used  in  the  "A"  pattern,  baTS  ha 
forged  from  the  best  ([uality  of  tool  steel.  Owing  to  the  nat|ire  or  this  mateiisLa 
the  necessity  for  accurate  workmanship,  these  implements  will  be  expenaiYS  oil 
the  most  favorable  circumstances.  This  small  lot  has  been  partionlarly  ao,  owii|l 
the  lack  of  special  tools  and  appliances,  and  the  oonseqaent  necessity  of  emplifi^ 
hand  labor  u]ioii  much  of  th«»  work  that  might  otherwise  have  been  more  economicdl 
done  by  innchinery.     This  is  true  both  of  the  forging  and  the  finishing. 

COST. 

Implements  A. 

Labor flfiSd 

Tools Ml 

General  expenses .      #fl 

MATERIALS. 

369  pounds  tool  steel,  hard,  at  10  cents  per  i>ound Xi 

84  pounds  sheet  steel,  at  9  cents  per  pound 71 

r>  yardt*  No.  1'2  iron  chain,  at  ;'>  cents  per  yard I 

W01>I)  SHOP. 

Labor  on  patt(*rns 71 

Labor  OH  handles ....  SI 

I0(»  teet  hickory  plank  for  handles 41 

Total  co«t  of  30  Implements  **A'' filf 

Cost  per  piece,  ^22. 4?*^*,^. 

Implkmkxts  B. 

Labor iVi 

Tools «ll 

General  expenses ,. flfl 

materials. 

S7  pounds  tool  steel,  liard,  at  10  cents  per  pound |fl 

541  pouujls  tool  steel,  hard,  at  11  cents  ^Kjr  i>ound -....-.  #8 

'25  pounds  niter,  at  10  cents  per  pound ......  %B 

4  emery  wheels ....  |tf 

WOOD  SHOP. 

Labor  on  patterns ,  7fl 

Labor  on  handles 40 

loo  feet  hickory  plank  for  handles !• 

Total  cost  of  30  implements  **B" fl|S 

Cost  per  piece,  .'?ll>.64^j. 
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Of  the  mkterial  pnrohnsed  for  these  toolB  auil  char^^  into  thu  uoHt  there  remain 
,«Dband  sbont  160  ponDdatool  steel  in  bars  1.675  liy  3,75  inches;  GOponudu  tool  sten! 
bt  bars  1.95  by  2.50  inches ',  20  poaods  sheet  st^^ol  Ko.  IG ;  100  pounds  scrap  from  uU 
^nds  of  Bteel  used. 

I     The  "transporting  liariicse,"  or  "  skeleton  leiitlmr  liai;8,"  30  of  each  (Fignres , 

Plate  I),  were  made  of  6  to  »  ounce  collar  leatlif-r,  jtnd  in  conformity  to  the  dmw- 
TPg  and  specification  submitted  with  letter  of  ^I'ptt'mber  19,  Itii,  returred  to  iu  the 
"Twgoing. 

COST. 

Tranbportinq  Bags  for  Imit-rmbsth  A. 


iUB    square  feet  collar  leather,  7  to  8  ounce,  at  IS^  cent-s  per  square  foot 21  G:ii 

'      "'  «  shoe  thread,  dark  blue,  at  98  cents  per  pound 40 


1     3     balls  black  wax,  at  50  ceute  per  100. . 
y  30    brass  end  hooks,  at  '2-j^,^i  cents  each. . 


„     ...u  roller  buckles,  jaiianued,  IJ  inch,  at  80  cents  gross 18 

f;  30     Iron  roller  buckles,  japanned,  1  inch,at71cii>nt«  gross 15 

'^  80     iron  roller  buckles,  japanned,  t  inch,  at  80  cents  K^^x" 1^? 

li  pounds  brnss  rivets  and  burs,  f  inch.  No.  12,  at  StJ  cents  jier  poand 'it< 

&i  onucM  escutcheon  pins  and  burs,  J  inch,  Nu.  13,  at  30  eeuls  per  pound..  10 

Totalcost  of  80  transporting  bagsforlmiilumcnt  A 93 'JtH 

Cost  per  piece,  $3,13. 

Transpobtino  Baos  for  iMrLCMBsrs  B. 

Labor 6-^1  :wj 

General  expenses ....     M  10 

MATERIALS. 

'  97    square  feet  collar  leather.  7  to  8  ouuco,  at  l^i  cfiils  pi-r  ■niiare  foot 17  70^ 

I  pound  shoe  thread,  diirk  blue,  No.  3,  at  96  oi'iils  per  poDnil 37 

3    balls  black  was,  at  5ii  cents  per  100 2 

[  ao    brass  end  hooks,  at  StVa  cents  each TOJ 

t  90    iron  roller  buckles,  japanned,  U  inch,  at  HB  cents  per  gross..... IS 

I'M    iron  roller  buckles,  japanned,  ,1  inch,  at  71  oents  pur  gross 15 

,  90    iron  "sensible"  buckles,  japanned,  i  inch,  at  80  cents  per  gross 17 

I    1}  poonds  brass  rivets  and  bnrs,  f  inch.  No.  i'J.  at  23t  cents  pel  poand %i 

I   H  ounces  eecutcheon  pins  and  burs,  at  30  oents  per  pound. ..... 10 

][  Total  cost  of  30  transporting  hags  for  Implumont  B 90  lOJ 

Z     Coat  per  piece,  |3.03. 

With  a  oonsiderable  outlay  in  tools  and  maehini^s  the  cost  of  the  "A"  pattern 
flovld  probably  be  reduced  in  future  mannfacturKs  to  about  t5  each,  if  ordered  in 
Jirae  lots.    The  "  B  "  pattern  would  cost  about  H. 

If  mof'Jfied  in  desigu,  so  as  to  permit  less  accurate  workmanship  and  the  use  of  less 
•xpenstvo  material,  the  cost  might  be  still  further  reduced. 

Vcrv  reBpectfully,  your  obedient  serrant, 

A.  L,  VABNEY, 

Captain  of  OnlnniiDa. 

Eespectfullv  submitted  to  the  Chief  of  Ordmuice,  U.S.A.,  Washington,  D.  C. 
D.  W.   FLAOLEE, 

LI.  Col.  of  Ordnance. 
i6L>5  OED 10 


J 


62G 


REPOKT   OF   THE   CHIEF   OF   ORDNANCE. 


Appendix  B. 

ABSTRACT  OF  RECORD  KEPT  AT. THE  ROCK  ISLAXD  BRIDGE  DVRiyQ  TEIWI 


kL-. 


PASSING  NORTH. 

Eiiginos  with  trains ii§] 

Eugiues  without  trains.  " 

Total  engines M 

Passenger  cars Wj 

Freight  cars 

Foot  jjassengers W 

Teaui.i V 

Steamboats,  up W 

Jiarges,  uj) W 

PASSING   SOUTH. 

Engines  with  trains l* 

Engines  without  trains .- ^ 

Total  engines tf 

Passenger  ears v|l 

Freight  ears Uij! 

Foot  passengers IRJI 

Teams iW 

Steamboats,  down Ii? 

Barges,  clown jj. 

Kafts,  down - "' 

D.  W.  FLAGLEB. 
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Appendix  C. 

REPORT    ON    THE   FABRIOATIOX  OF  MARKSMAITS  PINS   AND    SHABMBM^ 

BADGES  (SILVER)  AT  ROCK  ISLAND  AESBKAl^ 

(Plate  V.)    • 

Rock  Islakd  Absknal,  IixmooL 

To  the  Chief  of  Ordnance, 

U,  S.  Armiiy  JVashinffioHf  D.  C: 

General:  In  March,  1864,  I  received  instractions  from  the  Chief  of 
get  up  and  submit  to  him  designs  for  a  marksman'ii  pin  mnd  m  sharpehooleA 
Pencil  sketches  were  inclosed  to  indicate  what  was  reqaired.    Mmiaj  ~    ' 

made  and  submitted,  and  tiually,  in  May,  1881,  models  were  a|iptOTed 

The  cross  was  somewhat  similar  to  the  pendmot  of  the  present  model  of  tke 
shooter's  badge,  and  the  pin  was  somewhat  similar  to  the  preaent  model  of  tke 
man's  pin.    Both  were  provided  with  brooch  pins  for  mttaehmeni  to  the 
coat. 

Two  thousand  five  hundred  of  the  marksman's  pins  mnd  1,000  of  the 
manufactured  and  issued  to  the  Army.    These  were  cart  from  statoary 
finished  on  the  polislii ng  wheol,  with  a  ftle  and  emery  paper,  and  bamiahed. 

In  the  fall  of  1884  I   was  informed  by  the  Chief  of  Oidaaooe  that 
were  not  satisfactory,  and  requested  to  submit  handsomer  deelgna.     It 
that  if  the  expense  would  not  be  too  great  they  might  be  made  of  all 
signs  were  made  and  submitted,  until  finally  the  preeent  mod^  w* 
aoopted.    These  are  now  so  well  known  that  they  need  little  di   erlptioB.' 
made  of  sterling  silver.    The  pin  is  similar  to  the  old  one,  ezee-^  twt  th 
altered,  the  scroll  work  removed,  and  the  representaUoaa  of 
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FABRICATION. 

rk  is  nevf,  ami  no  workmen  acqiininted  with  it  were  dvsilalilu.  many  ex- 
id  mnch  tedious  lalior  auii  ntiidy  wore>  required  to  Urinj;  it  t»  pnrfiKitinn. 
Klebted  for  aHsiBtaiicp  to  Mr.  J,  Drnytoii,  waatBr  mnohiniBt,  Mr.  H.  Shiink, 
Achiiie  Bho]i,  aud  Mr.  R.  C.  MiiuiHm.  furemuu  ofmetnllic  uiiiiiptneDt  work, 
oged  that  tliu  eti^rAvi^d  piocoB  cuiild  Lie  Htaiiim<d  out  with  ttioa  In  suQe 
coin  JB  Btamjied.  Hut  it  wax  found  that  a  HuitablH  proM.  diofi,  and  tooU 
od  cniild  not  lii*  lu'oduood  Tor  Je«a  tlinii  about  ^,000,  utid  this  tiiothud  had 

h]  lliinlly  adopted  is  that  of  placing  the  ailvor  on  n  die  and  paatiiiij.both 
•r  lietwit-n  rolls.  ThiH  metliiKl  Lb  einplnyed  in  the  uiaiiiifac^turt!  of  Jow- 
>nly  irreuulat  (irna mentation  is  wquired,  aud  fur  suuli  work  it  priwonta 
it).  But  uiir  work  consisleil  of  rtiKular  fornis.  li>tl«rs.  Had  lim'n.  Tbs 
iatioii  from  the  reiguired  fomi  could  b«  readily  doteiited  by  tlw  eye.  In 
uftal  is  pressed  up  again nt  the  die  forma  on  one  side  and  drawn  awBf 
11  tbe  [>tlier.  Allowance  liiid  to  l)u  luada  for  this  in  cnttin|[  the  dina.  and 
g  ill  rogMrd  to  the  work  was  new,  it  involved  many  delays  and  tildions 

tt  of  dien.—  i  licliovoa/eMiofediBOf  Ilia  required  form  cannot  beent.  The 
loyud  wasaHfolhiwa:  A  mabdienflhoreiiuirud  form  was  first  out.  Thin 
it  ill  anolher  piecu  of  steel,  to  ninke  tbe  fomale  die.  The  latter  was  Snt 
lealed,  and  a  pit  one-si:: I eeutb  inch  du«]i  was  cnt  in  the  surface  uf  the 
ho  female  die  was  lo  be  snnk.     This  pit  bad  tiju  sarue  outlint 


be  reqiiire<l  ileptn  < 
;  the  male  die  it  is  snuk  unevenly ;  one  edge  or  end  is  driven  down  mor« 
r.  Tbia  inuHt  be  correc'ed  in  planing  off,  ao  as  to  leave  au  even  depth  of 
irougbont.  The  best  method  of  doiuj;  this  is  to  make  a  gauge.  First 
of  »oft  metal  (lead  and  antimony  answer  well)  in  the  femalu  die.  Then 
lud  drcaa  down  its  back  till  the  «xacl  level  rtii|nired  for  tbe  face  of  the 
obtained.     Then  put  it  back  aud  dresa  dowu  th«  face  of  tbe  female  die 

i  di(>  wao  then  tempered,  itit  face  ground  aud  polished,  and  was  ready  for 
love  melhod  is  probably  the  only  practicable  one  for  making  these  diea. 
ed  me  to  make  several  dies  from  one  costly  out  die. 

\  piece  of  silver  of  the  reijuircd  dimensions  was  then  placed  on  the  die,  and 
Bilverpawu'il  between  tbo  rolls  (Plate  V).  The  dit  rolbi  were  devised  and 
araeiiiil.  'I'hey  are  shown  ou  Plate  V.  The  rolls  R  R  are  made  of  tool 
tcmjwred,  anil  then  carefully  and  accurately  ground  anil  polished.  They 
rge  journals  and  anch  hardness  aud  atifToess  as  to  prevent  any  perceptl- 
ion  or  spring  dnriug  the  rolling.     Tbe  compresses  C  C  permit  the  setting 


u  the  reqnired  Hue  gauge. 

'jng  is  a  brief  description  of  all  the  operations  of  mauuf act uie.  witb  billa 

,  coHt,  and  cost  of  lalKir : 

silver  is  received  at  the  arsensal  snt^eot  to  tbe  following  rules  of  inspec- 

Buta  to  be  rolled  to  nn  even  thickness  to  flfty-eijcht  ihonaandtbs  of  an  inch; 

t  to  be  cut  alruight  and  parallel.     Size  of  sbeet  lieat  anited  for  use  31  incbea 

ibvs  wide.     Silver  must  assay  tljj  per  cent.  tine.     (Aaiaya  of  ailver  have 

na<le  forme  by  the  aujierintviideut  of  the  United  States  mint  at  Philadel- 

Iver  wire  for  making  the  three  rings  bv  which  the  pendaut  cross  is  huDE 
shooter  |>in  (or  broach),  aud  the  sterling'Silvcr  pintnngne  hinges  and 
nth  plus,  are  purchased,  asHuyed,  and  inspected  in  the  same  manner.  The 
tnd  wire  for  making  the  pin-tongue  riveta,  are  of  German  silver,  that  they 
.e  necessary  strength  and  harduess. 
iction  the  silver  is  stored  Id  tbo  office  safe  and  issued  in  lota  daily  as  re- 

tian. — The  sheets  are  cut  into  strips  'i^i  iucbea  wide  for  marksman's  pins, 
ide  for Bbarpshooter'sbadgi-' pins,  and  in  pieces  II  inch  by  IJ  inch  for  the 
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vcr  on  the  die  and  piiHscH  both  silver  and  die  between  the  rolls.  In  rolling  tlM mi 
the  strip  of  silver  is  rolled  or  drawn  out  about  ontsei^hth  of  its  original  length,  lb 
stamped  piece  is  partly  cut  otf  hy  the  die  in  rollinj;,  and  is  then  broken  off  viA 
a  pair  of  pincers.  The  end  is  then  trimmed  to  shape  for  the  next  piece  with  «  i|a| 
cutter.    One  operator  stamps  7*i.'>  pieces  in  eij^ht  hoars. 

Third  optration. — The  stamped  pieces  come  from  the  rolls  sliglitly  can-ed.  11w| 
ar(>  straightened  by  placing  the  face  of  the  stamped  silver  on  a  smooth  plate  of  Mj 
and  passinjr  both  l>etwef  n  the  same  rolls. 

Fourth  andf/th  operations, — Milling  and  trimming  the  ends  and  sides:  Onepdii 
clamped  in  an*  iron  die  which  was  stamped  from  the  same  male  die  that  made  tW^I 
male  die  in  which  the  silver  piece  was  stampe<l.    This  iron  die  is  then  placed  ai 
milling;  machine,  and  the  ends  of  the  silver  piece  are  milled  to  shape  with  one  cA 
The  iron  die  is  for  adjusting;  the  silver  piece  m  the  mill  with  reference  to  itsengniri 
face.    Twelve  pieces  are  then  placed  in  a  holder  which  fits  the  milled  ends, 
sides  of  the  whole  twelve  pieces  are  milled  off  at  once.    The  crosses  are  not 
They  are  trimmed  oft*  with  blank  puiich  and  die  in  a  press,  the  face  of  the  punch 
sunk  to  receive  the  engraved  face  of  the  cross  and  center  it. 

Sixth  optration. — Polishing :  The  pins  and  crosses  are  placed  in  wooden  holdet%fli 
faces  and  edges  ground  on  an  emery  wheel  provided  with  a  tin  hood  to  eatck  Al 
silver  dust. 

Seventh  oj)e)-a /ion. —Making  the  silver  rings  for  hanging  the  cross  of  the  lite 
Enough  silver  wire  is  wound  4>n  a  mandrel  to  make  aboat  1%  rings,  and  then  cat  ill 
a  line  saw  on  a  milling;  machine. 

Eighth  operation. — Brazing  on  joints  and  catches :  The  silver  solder  is  cat  into  piM 
about  one  sixty-fourth  inch  sijuure.  The  loint  or  catch  is  placed  on  the  backtfthi 
pin  and  hchl  in  plact>  by  spring  plyers  which  locate  the  joint  or  catch.  A  wkmd 
solder  is  put  on,  moistened  with  borax  water  for  a  flux,  and  the  brajsing  i  oumfalrfll 
a  blowpipe  dame.  The  melting  point  of  suitable  silver  solder  is  not  much  beioviM 
of  the  silver,  an<l  great  caro  is  i-equired  to  avoid  melting  the  silver.  The  pisBMi 
held  to  thi'  llame  with  long  spring-steel  jdyers  or  on  a  sheet  of  asbestos.  Thei 
rings  for  hanging  the  cross  to  the  badge  pin  are  brazed  in  the  same  manner  ass 

Sinth  operation.— VWiWii  and  ptdishing :  The  pins  and  cross  are  filed  on  theftMNl 
edge  and  then  ])olished  with  a  pine  stick  covennl  with  French  emery  paper. 

Tenth  operation. — Dipping :  The  silver  pieces  are  buried  in  white  sand  in  a  uhmiiWi 
i)an  ;  heated  to  a  dull  red  color  over  a  gas  flame  ;  then  quickly  removed  and  difpi 
in  a  sulphuric  acid  and  water  bath,  temnerature  i200^  F.  (acid  1,  water  9);  andttM 
thoroughly  washed  with  a  brush  in  castile-soap  water,  and  dried  in  hot,  diy,  hai- 
wood  sawdust.  If  this  operation  is  successful,  the  silver,  when  brushed  ofi^  wiBhi 
snow  white. 

EUventh  o/)cr(f/io».— Kivetiug  in  ])iu  tongues:  The  pin  tongue  is  placed  in  tlMJ^ 
a  piece  of  rivet  wire  is  forced  into  place  with  a  s|>ecial  pincers  devised  for  thefi^ 
pose,  and  then  both  ends  art^  riveted  down  with  special  piucers  devised  for  tbefi^ 
pose.     The  catcli  is  then  oi>ened  and  the  pin  tongue  set  to  give  the  required  sprint 

TiceU'ih  oj>fra/i(»i.— Burnishiug :  The  pins  and  cross  are  placed  in  a  wooden  bsMit 
face  upwards,  covered  with  castile  soap  suds,  aud  all  the  parts  in  relief  an  1^ 
nished  witli  a  tiat  steel  burnisher,  the  latter  being  kept  bright  by  freqaent  poliMi 
on  leather  rubbed  over  with  oxide  of  tin. 

In  all  the  operations,  pieces  of  silver  are  counted  and  weighed  oat  to  theopentM 
and  the  pieces  returned  are  counted,  and  nieces  and  scr^i  and  ndllinga  aad  AP 
returned  are  all  weighed,  to  ascertain  if  tnere  has  been  any  loM.  The  total  hi* 
about  one  eleven-hundredth  part  of  the  weight.  The  scrap,  millings^  and  fih^pflB 
returned  to  the  contractor,  to  be  reconverted  into  sheet  silver. 

Packing.— lihe  pins  and  crosses  are  packed,  each  one  sepaiatefr,  in  pink  inAhf 
suitable  pasteboanl  box  properly  labeled,  and  these  boxes  are  toen  packed  ~  '  ^ 
pasteboard  boxes  for  shipment,  fifty  marksman  pins  in  one  box  and  twentj-f 
in  one  box. 

Bill  of  maieriahfor  and  cost  of  100  •ftafyOsoiar't  iadfat. 

ai).4r>  ounces  sheet  silver,  at  $1.07 pi   , 

O.IHJT  ounce  loss,  at  $1.07 ^        ftj 

1.4il  ounces  silver  wire,  at  Sl.'iO -.--.-..--•._—      l8.i 

0. 1'J  i>un<'e  silver  solder, at  SO.IC) ..................  ...... 

O.vio  inince  (Jerman  silver  wire,  at  $0.04 .....•..,  ... 

lot  pin  tongues,  silvered,  H" .•..., 

lot  .silver  joints.  VV ..••••.•. 

104  No.  1  ^ilver  ring  catches •••••••••  ••.«., 

Reworking  and  eonverting  into  sheet  40.30  ounces  of  ■crapi  mUlinfi^ 

Illinois,  at  SO.07 ...^ , 

0.1i>  pound  pink  cotton,  at  $0.7.')...... ......  ......•.....•••••••.••••.... 

loo  labels,  Muall •.  ....•••.•••••••••• 


*  i\ 


EEPORT  OP  THE  CHIEF  OF  ORDNASCE.  629 

;4  Iftbels,  largo JO  02 

1100  pachiuB-boreH,  small 1  Si 

'•^  packiag-boxBB,  large iM 

iAJcofaol,  acid,  soap,  &o , as 

TTooIb 80 

"X^sbor  manufactarilig 15  99 

-0«iierBte: ~  " 


Tot*l 61  0 

Coat  per  badge,  Bl^V  cents. 

Piece  price  recomtueDded,  75  ceate. 

i'  Bill  of  maleriali  for  and  cott  of  100  miirkmnan'e  pUe. 

SI. 4  ounces  sheet  silver,  Bt  $1.07 *i2  M 

0.3  ounce  silver  lost,  at  81.07 03 

105  German  silver  pin  tongnes  (silverod),  2" S7 

106  No.  2  silver  rine  catches 1  80 

105  1-iDch  silver  joints I  M 

0.1  o-iuce  silver  solder,  at  $0.95 08 

0.24  ounce  Gennau  silver  rivet  wire OS 

Seworkiag  and  converting  into  sheet  silver  9  oaacea  Borap.  milliogs,  and 

filings,  at  $0.07 ' OS 

Alcohol,  acid,  soap,  &.e OS 

0.1  pink  cotton OS 

;  100  packing- boxes,  small 1  11 

~    acking-boies,  large ,. Vi 

labels,  small ,. ., ,.  07 

:  S  labels,  large 01 

'  Labor  manufacturing  and  packing. . 8  01 

General  elpensos „ 1  IW 

Tools in 


I       Cost  per  pin,  39  cents. 

I       Piece  price  recommended,  50  cents. 

I       The  tools  and  appointments  on  hand  arc  suHii^irnt  fur  the  mnuufBOture  of  300  sharp- 

^   ifaooter  badges  per  day,  500  luarksman  pins  ncT  duy. 

£  Respectfully  siibtiiitlcd. 

ii  D,  W.  FLAGLER, 

*  lAatimanl-Cnioncl  of  Ordnana,  CumtnaHillig. 
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Hock  Isi^nd  Ajisekal,  Illinois, 

SeptembiT-21,  1886. 
To  the  Chibp  ofOrdnanck, 

O.  S.  Armg.  Waahinglon,  D.  C. : 

General  :  On  March  20  and  June  36,  1865,  I  received  instructious  from  the  Chief 
of  Ordnance  to  manufacture  6,000  metal  skirnLisii  targets  of  I  he  forms  shown  on  Plate 
XVII,  of  Captain  Blunt's  "  Rifle  and  Carbine  Firing.''^  It  was  thought  that  the  frames 
■liould  be  made  of  iron  bar,  and  that  possibly  barof  wedge-sliaped  ervRs-soutiou  conld 
in  used  advantageously. 

Cotton  cloths  of  the  same  shapes  as  the  niital  frauies  were  required  for  ooveriiig 
'tbe  frames,  and  it  was  required  that  some  Miit.ible  method  should  he  devised  for 
■ttaching  these  cloths  to  the  frames;  also,  bbiok  jiftp«r  turgots  or  silhouettes  were  re- 
quired of  the  same  shape  as  tbe  frames,  to  be  p^iilcd  to  the  target  cloths. 

Many  experiments  were  ni.ide  to  determine  ihi-  best  metal  aud  form  of  same  for 
the  target  frames.  These  finally  determined  the  luloption  of  stual  bar  of  the  oross- 
■ection  shown  in  Fig.  '2.  Plate  VI.  The  foUcnving  extraet  is  taken  fcom  my  partial 
veport  of  May  4, 1B85.  The  eiiierimental  flriugs  wore  mado  by  Captains  Batler  oud 
Tomey,  Ordnance  Depa" * 


J 


630  REPORT   OF   THE   CHIEF   OF   ORDXAKCE. 

**I  inclose  herewith  a  drawing  showing  the  effect  of  experimental  tiring  to  4fl 
mine  the  (limennionH,  shape,  and  metal  required  for  the  frames. 

*'  The  results  of  the  firing  scciuod  to  show,  firsts  that  iroa  of  no  form  or  roMmi 
weight  will  answer.  Hullets  striking  a  sharp  edge  of  iron  dented  and  ii^ared  the 
as  much  or  more  than  those  striking  a  square  edge  (see  drawing). 

^'  Secoml.  Tlie  elastic  limit  against  bending  of  iron  being  low,  the  iron  banv 
bent  badly  in  the  direction  of  the  bullet's  llight. 

Third.  The  steel  bar  sutl'ered  none  of  the  above  bad  effecta.  A  hnllet  striking  h 
on  a  sharp  edge  Wiis  split,  without  marring  the  steel.  The  elasticity  of  the  steel 
vents  its  bending.  I  think  the  sharp  or  weilge-shape  edge  for  the  stool  desir^ 
all  respects.  It  so  disposes  the  metal  as  to  increase  the  beam  strength.  It  ledi 
the  liability  of  hits,  and  if  hit  fairly  on  the  edge  splitsthe  ballet.  Ifnit  on  tbet 
of  the  edge,  the  spring  or  elasticity  of  the  steel  prevents  the  bar  from  being  pel 
nontly  bent  laterally. 

'*  The  cross-section  tiually  adopted  is  shown  on  the  drawing  (Fig.  2,  Plate  VI). 

(Plate  VII.  Fiffs.  1  and  3.) 

The  bra(v. — The  brace  adopted  is  made  of  the  same  steel  and  of  the  same  enMi 
tion  of  bar,  because  it  is  as  liable  to  receive  hits  as  the  frame.  The  lower  cs 
hooked,  to  prevent  the  target  from  being  blown  down  by  a  rear  wind.  Thes] 
end  hooks  into  a  hole  punched  in  the  frame.  The  brace  can  revolve  aronnd 
point  in  a  plane  perpendicular  to  the  target.  When  the  target  has  been  stood  q 
the  desired  angle  with  the  horizon,  the  lower  end  of  the  brace  can  then  be  poi 
(with  the  foot)  or  driven  into  the  ground,  without  altt^riug  the  position  of  the  !■] 

FAHKI CATION  OF  THE  TARGET  FRAMES. 

The  steel  bar  weighs  1.1  pounds  per  foot.  Special  rolls  were  reqnired  for  its  ■■ 
factnre,  and  it  cost,  delivered  at  the  arsenal,  2^  cents  per  pound.  It  waa  porcks 
in  suitable  lengths,  avoiding  waste,  and  was  then  cut  up  into  pieces  or  reqn 

lengths  (see  Plate  VII). 

BILI^  OF  STEEL  (plate  TU). 

Skirmish  target  D. 

1  bar  steel  18'. 0  long: 

Piece  A 7'  10" 

PieceC 5'    4" 

Brace 4'  10" 

i  bar  steel  18'  6"  long: 

Piece  6 6'    3f" 

Piece  rf 1'    5i" 

PieceE 1'    6" 

Total 27'    3"=30 

Skirmish  target  E, 

1  bar  steel  14'  *J"  long : 

PieceA 5"    2" 

Piece  b 5'    3" 

Piece  c 2*    4" 

Piece  rf 2*    0" 

^  bar  steel  14'  U'  long: 

Brace 4'    8" 

Total ly    &"ss:81.4 

Skirmish  target  F, 
^  bar  steel  1;V  C'  long : 

PieceA fr    6" 

Piece  h 2*    4" 

Total ." r  9"=s  as 


PuncA  in//.— The  method  adopted  for  fastening  on  the  taiget  oloihs  (to  be 

further  oii)  is  to  tic  them  on  with  strings.    This  reqnired  that  a  hdla  i 

punched  in  the  steel  bar  for  each  string.    These  holes  are  marked  h  ott  FMi  w 
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It  was  desirable  that  they  should  not  be  larger  than  one-quarter  inch  diameter,  lest 
they  might  weal^en  the  frame.  Steel  of  the  required  hardness  and  elasticity  made 
the  punching  of  so  small  a  hole  very  difiicult.  Drilling  so  hard  a  steel  would  have 
been  difficult  also  and  too  expensive.  After  many  trials  of  English  and  American 
tool  steels,  an  open-hearth  steel  was  obtained  from  Canton,  Ohio,  that  would  do  the 
work  without  breaking.  The  rivet  holes  were  also  punched.  These  are  seven-six- 
teeuth  inch  diameter,  and  their  punching  presents  no  difficulty. 

Shaping  the  bars. — This  was  done  on  a  special  shaping  or  bending  machine  manufact- 
ured for  the  purpose  at  the  arsenal. 
This  machine  is  shown  on  Plate  VIII. 

Dies  (Figs.  2  and  3)  for  two  shapt\s  are  shown  on  the  drawing,  and  the  method  of 
bending  is  sufficiently  illustrated.  Care  is  required  in  designing  the  dies  to  prevent 
the  bar  from  beiug  drawn  endwise  from  its  proper  position  when  the  dies  come  to- 
gether. A  steel  lever  thrust  into  a  hole  below  at  the  point  (6),  and  pulled  up  against 
the  steel  bar  by  hand  above,  was  used  to  hold  tbo  steel  and  prevent  its  slipping.  In 
BOiiio  cases  two  of  tbose,  at  different  points,  were  used. 

The  steel  was  shaped  hot.  A  long  special  furnace  for  the  heating  was  conveniently 
placed  between  the  punching  and  bending  machines,  and,  after  punching,  the  bars 
were  put  into  one  end  of  tbo  furnace  and  pulled  out  at  the  other  for  bending. 

Forging. — The  wedgo-sha])ed  edges  of  the  steel,  where  riveted  together,  if  not 
altered,  would  give  the  ,i()int  drawMi  in  Fig.  5,  Plate  VII.  A  bullet  striking  on  this 
point  would  strain  the  frame  unduly  and  tend  to  draw  or  break  the  rivet.  To  pre- 
Tent  this,  and  give  a  sharp  edge  at  the  Joint  also,  the  form  of  the  bar  was  altered 
while  hot,  under  a  drop  so  as  to  make  the  joint  as  shown  in  Fig.  6.  This  was  done 
before  riveting.  The  sharp  points  of  the  frame  which  enter  the  ground — the  round 
at  one  end  of  the  brace  and  the  sharp  point  at  the  other — were  forged  under  a  helve 
power  hanmier.  The  crook  in  the  brace,  where  it  enters  the  ground,  waa  then 
iornie<l  on  the  bending  machine. 

Coal-iarring  and  cratinfj. — The  frames  when  finished  were  first  heated  in  the  foundry 
core-oven,  then  dipped  in  a  vat  of  hot  coal  tar,  and  when  dry  were  sent  to  thepack- 
ing-houHe  and  crated  for  shipment. 

Convenient  numbers  to  crate  in  one  package  are  8  targets  D,  8  targets  E,  and  16 
targets  F. 

TARGET  CLOTHS. 

The  method  finally  devised  and  adopted  for  attaching  the  target  cloths  to  the  metal 
frames  was  to  tie  them  on  with  strings.  I  think  it  is  sufficiently  expeditious ;  it  can- 
iiev<'r  give  trouble;  the  attachment  cannot  be  seriously  damaged  by  tiring,  can  be 
readily  repaired  by  a  soldier  if  damaged,  and  it  gives  an  easy  means  or  stretching  the 
cloth  to  any  desired  tantness. 

Ha<l  the  frames  been  in  the  form  of  a  parallelogram,  or  of  any  form  having  straight 
borders,  the  cloth  could  have  been  attached  by  tying  the  strings  aronnd  the  frame. 
As  tht'  rdges  of  the  frames  are  curves,  it  is  necessary  to  so  attach  the  strings  at  the 
outer  part  of  curves  that  they  cannot  slip.  This  is  effected  by  punching  holes  in  the 
frame,  as  has  been  mentioned.  Corresponding  holes  are  made  near  the  edge  of  the 
cloth.  The  holes  in  the  cloth  are  reinforced  with  leather  washers  five-eighth  inch  diam- 
eter, and  a  brass  <*yelet  is  put  through  both  leather  and  cloth  and  riveted  down. 
The  number  of  holes  in  the  cloth  and  in  the  target  frame  of  each  target  is  as  follows: 
Target  D,  'M\;  target  E,  '24;  target  F,  ir>.  The  top  of  the  cloth  is  marked  " top.'' 
If  the  soldier  coinmences  tying  at  the  top  and  passes  from  there  around  the  edges,  be 
will  fin<l  the  holes  to  coincide,  and  can  have  no  trouble  in  getting  the  cloth  on  the 
frahie  correctly.  The  strings  are  to  be  put  through  the  holes  in  the  frame  first,  and 
then  knotted  at  the  near  edge  of  the  frame.  The  holes  in  the  cloth  are  so  spaced  that 
they  will  come  just  o])posite  the  front  e<lge  of  the  frame  without  stretching.  One 
end  of  the  string  is  tl)en  i>assed  through  the  eyelet  hole  in  the  cloth  and  tne  cloth 
drawn  around  the  outside  of  the  frame  and  tied.  The  cloth  can  be  stretched  the 
whole  width  of  the  steel  bar  of  the  frame,  1^  inches,  or  any  less  amonnt  that  is  de- 
sired. 

Fabrication. — The  cotton.  7*2  inches  wide,  is  mounted  in  twelve  rolls  at  one  end  ofm 
tabh?.  Twelve  jiieces  are  drawn  out  on  the  table  at  one  time ;  the  top  piece  is  marked 
with  a  tem])let  for  the  cutting  and  punching,  and  then  the  whole  twelve  pieces  are 
cut  at  once  with  a  long  knife,  and  all  are  punched  at  once  with  an  ordinary  pnnch. 
One  man  cuts  and  punches  300  1)  cloths.  400  E  cloths,  and  500  F  cloths  in  eight  nonrs. 
The  leather  reinforce  washers  are  punched  out  on  an  ordinary  punching  machine. 
The  eyelets  are  put  in  by  boys  with  spt  cial  hand  machines  devised  for  the  pnrpoee. 
In  making  the  strings,  the  string  is  first  wound  on  spools.  The  spools  are  made  of 
four  tin  plates  set  at  right  angles,  the  distance  between  the  outer  edges  of  the  tin  be- 
ing the  length  of  a  string.  These  edges  are  then  dipped  in  gnm  shellacand  allowed 
to  dry.  The  strings  are  then  cut  along  the  edges  of  the  tin.  The  gnm  forms  a  stiff 
tag  to  facilitate  passing  the  string  ends  through  the  holes  in  the  target  cloths  and 
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frames.  The  stringH  are  tied  up  in  hanks  and  properly  labeled,  36  strings  in  %\tk 
for  the  D  target,  24  for  the  E,  and  15  for  the  F.  In  issning,  5  hanks  or  sets  of  iHiip 
were  issued  for  every  4  targets. 

PAPER  TARGETS. 

As  has  been  stated ,  these  are  black  paper  silhouettes  having  the  same  contava 
the  target  frunios  and  cloths.  It  was  found  that  pure  black  paper  conid  netted 
taiued,  except  with  a  glossy  surface,  which  refiectod  the  light  and  defeated  tbe^ 
ject  sought. '  After  much  trouble  a  dead  blue-black  (nearly  black)  papc»r  wasobt^ 
which  showed  well  in  the  sun  at  a  distance,  and  was  approved  by  tne  Chief  of  M 
nance.  The  paper  weighs  about  2  ponnds  per  100  square  feet.  It  is  pnrehsMiii 
sheets— for  the  D  target  27  by  68  inches,  for  the  E  27  by  42  inches,  for  the  F  STWS 
inelies.  By  making  a  crooked  cut  across  the  latter  size  two  F  targets  are  obttM 
from  one  sheet. 

The  silhouettes  arc  cut  out  of  the  paper  as  follows: 

About  one-half  a  ream  of  paper  is  placed  between  two  stiff  wood  templets  haTiigAl 
same  contour  as  the  silhouette  to  be  cut.  The  paper  is  then  compressotl  with  htHf 
irou  clamp  screws,  and  the  silhouettes  are  sawecf  out  with  a  large  band  scron'fliii 
The  clamp  screws  arc  removed  from  in  front  of  the  saw  and  placed  behind  itfla 
time  to  time  as  they  are  reached.  One  man  can  cut  out  2,000  D's,  2,500  E^Hi 
3,000  F*8  per  day. 

Bill  of  materials  for  and  cost  of  one  skirmish  target  D  (steel  framt). 

Thirty  pounds  steel  bar,  at  2^  cents  per  pound •••|0tt 

Eight  I  bv  1  inch  round-head  rivets Ml 

Coal *. ff 

Labor S| 

C<>al-tarring ••-........  I| 

General  expenses N 

Patterns,  dies,  and  tools ,.  C| 

"iT 

lu  future  manufactures  deduct  (>  rents  for  patterns,  dies,  and  tools  on  hand.  Hi 
above  does  not  include  cost  of  crating  for  shipment,  which  was  about  11  oentiMik 

Bill  of  matirials  for  ami  cost  of  one  skirmish  target  E  (sletl  frame). 

Twenty-one  nnd  four-tenths  ])ounds  steel  bar,  at  2^  cents  per  pound |08| 

Five  I  bv  1  incli  round-head  rivets •! 

Coal.../ • 

Labor V 

Coal-tarring I| 

General  expenses I| 

Patterns,  dies,  and  tools • 

In  future  manufactures  deduct  4  cents  for  ]|>attemB,  dies,  and  tools  on  hand.  1i> 
above  does  not  include  cost  of  crating  for  shipment,  whioh  was  about  9  oentiMik 

Hill  of  mat(nah  for  and  cost  of  one  skirmish  target  F  (steei  /rasM). 

Eight  and  one-half  pounds  steel  bar,  at  2^  cents  per  pound. ..••.  ............  |lS 

Two  I  bv  1  inch  round-head  rivets ••.. A 

Coal....' m 

liUbor H 

Coal-tarring ^ 

General  expenses J 

Patterns,  dies,  and  tools M 

The  above  does  r.ot  include  cost  of  crating  for  shipment-,  whioh  waa  about 4 i^ 

each. 

The  foregoing  statement  of  cost  of  patterns,  dies,  and  tools^  does  not  iuuliiift 
bending  machine  (about  $4r)0)  and  the  furnace  (about  $145),  whieh  wwooktffM- 

tho  arsenal  plant. 
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Bill  of  malenala  for  and  ooil  of  100  D  largft  dalh: 
MATERIALS. 

6S  yards  cotton  clbtli,  72  inch«s  wide,  at  80  caiits  per  yard JIO  40 

3,(95  brans  eyelets,  at  TSceiita  per  tliODaand S  73 

Hiacetlaneoiis  articles ... 25 

LABOR. 

Catting  and  punehinK $0  TO 

■f»king  leather  rein rorces 31! 

Bplioing  on  arm CO 

Patting  in  eyelets 2  IK) 

^»ecial  tools 10 

General  expenses 75 

Total 17  88 

18  cents  eaoh. 

Bill  of  malei-ials  for  and  ooit  of  100  E  target  cloth*. 


44  yards  cotton  cloth,  72  inclies  wide,  at  20  cents  per  yard JS  80 

9,426  brass  eyelets  C,  at  75  cents  per  thouaaad I  83 

Itisceltaneoiis  articles 20 

LAKOR. 

Cnttini?  and  piiiicbing |0  55 

M»ku,g  reinforces 24 

Patting  in  eyelets 1  35 

2  14 

■Toola 07 

General  eipenses - 43 

Total 13  47 

131  ceuts  each. 

Bill  of  maleriali  for  and  colt  of  \m  F  target  clotU. 


24  yards  cotton  cloth,  72  inclies  wide,  at  20  cents  pvc  yard $4  80 

1,525  tirass  eyelets,  at  75  cents  per  thousand... 1  15 

Hiscellaneoiis  articles .  IE 

LABOR. 

Cnttiiii;  ami  piincbing #0  40 

Uakiug  reinforces 15 

PuttiuK  in  eyelets bO 

-^ I  35 

Tools 5 

General  expenses 27 

Total 7  77 

a  cents  each. 

^i(J  of  materials  and  coat  of  100  paprr  akirmUhing  largett. 


23.5  ponnds  paper,  at  8)  cents  per  pound , . 

Labor  anil  general  uxpciiacs 

Cost  per  target,  2^  cents. 
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13.4  ponnils  paper,  at  8J  cents  per  pound $1 II 

Labor  and  general  expenses SS 

Coat  per  target,  IJ  centB. 

F. 

6poaQdB  paper,  at  8}  centa  per  pound )0S1 

Labor  aud  general  eipenses 114 

Cost  per  target,  -^  cents. 

Tbe  capacity  of  tools  now  on  liand  is  suffloiant  for  making  per  day  :  95  D,  125  E, 
250  F,  targets ;  'JoO  D,  350  E,  550  F,  target  cloths ;  3,000  D,  3,500  E,  3,000  F,  paptt 
taiweta. 
Respect  fully  submitted. 

D.  W.  FLAGLER, 
LieuieHanUColonel  of  Ordnance,  Cammniwuj. 
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E. 

13.4  pounds  paper,  at  8^  cents  per  pound |IM 

Labor  and  general  expenses I 

Cost  per  target,  IJ  cents. 

F. 

6  pounds  paper,  at  8i  cents  per  pound \ 

Labor  and  general  expenses 

Cost  per  target,  ^^ff  cents. 

The  capacity  of  tools  now  on  hand  is  sufficient  fur  making  per  day :  95D,ttU 
250  F,  targets ;  250  D,  350  E,  550  F,  target  cloths ;  2,000  D,  2,500  E,  3,000  F,  fm\ 
targets. 
Respectfullv  submitted. 

D.  W.  FLAGLER, 
LieutenanU Colonel  of  Ordnance,  CoMMitMN^ 
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Ry  CaPT.  C.  W.  WIUPPLE,  OHnWAKCB  DtSPARTMEST. 

(1  plate.) 

The  metliod  employed  at  the  Onlnauce  proving gioiiiid  for  attacliiiig 
Bights  to  the  8-inch  converted  rifles  is  as  follows: 

The  gnn  is  moimted  on  skids  and  leveled  as  regards  the  axis  by  a 
■  *  gQDDor's  quadrant"  applied  to  the  face  of  the  piece;  a  wooden  saddle 
Le  then  seated  on  the  trunnious  [sec  sketch  1)  apon  which  is  placed  a 
BpiriMevel,  and  the  gun  is  then  leveled  as  regards  the  axisof  the  trunnions. 
EaviDg  verified  these  adjustiueuts,  "  the  line  of  luetul"  is  determnied 
Ln  the  usual  way  by  establishing  two  points  (front  and  rear]  with  the 
^ '  gunner's  level"  and  tracing  a  Hue  between  them. 

With  guns  converted  to  rillea  by  insertion  of  tube  through  the  breech, 
the  center  of  the  breech  is  indicated  on  the  plug.  With  '*  muzzle-inser' 
fcion"  guns  curpentera'  calipers  are  used  for  determining  the  center  of 
fche  breech,  as  follows:  the  paint  is  carefully  scraped  from  the  cascabel 
bt  the  extremities  of  the  horizontal  and  vertical  diameters ;  the  calipers, 
being  set  approximately  to  the  nuiius  of  the  breech,  are  applied  from  the 
JBxtreinities  of  both  diameters  so  as  to  scratch  lines  near  the  ceuter  ; 
these  lines  form  the  sides  of  a  square,  the  diagonals  of  which  intersect 
jitt  the  center  of  the  breech, 

THB   REAR-SIQBT  SKAT. 

A  carefully  planed  rectangular  wooden  board  12.t>3o  inches  deep 
[the  height  of  the  seat  for  breech-sight  above  axis  of  gun)  is  then  sns- 
inded  at  the  breech  by  two  cleats  bearing  at  either  side  on  the  cas- 
tbel  in  such  a  manner  that  the  lower  horizontal  edge  shall  be  at  the 
inter  of  the  breech*  (see  sketch  2),  It  is  leveled  by  applying  a  spirit- 
vel  to  its  upper  horizontal  edge  and  made  vertical  by  the  use  of  the 
ilummet.  On  this  board  (or  templet]  a  vertical  line  is  drawn  at  a  dis- 
JDce  of  8.775  inches  from  the  center,  and  the  intersection  of  this  line 
'ith  the  npper  horizontal  edge  of  the  templet  determines  the  position 
»f  the  seat  for  the  breech-sight.  The  curvature  of  the  breech  euables 
ihe  seat  to  be  located  and  supported  by  hand,  and,  the  templet  having 
flerwards  beeu  removed,  the  hole  for  one  screw  is  marked,  the  seat  re- 
loved,  and  this  hole  drilled  and  tapped.    The  scat  is  then  secured  by 

f  '  The  templet,  shown  iu   akctoL  2,  raatit  of  ooarec  be  cut  away  when  useil  n 
*breeoh-iiiBertioa"  guii^ 


Ij 

il 

I.' 


The  breech-sight  is  then  inserted  in  its  seat  and  a  cord 
from  the  zero  of  the  scale  to  a  point  on  the  offset  at  the  m 
inches  from  the  axis.    This  line  should  of  course  be  level,  whi 
ified  by  the  spirit-level.    The  front  sight  is  then  adjusted  h} 
a  distance  of  54  inches  from  the  rear  sight  and  so  that  its 
touch  and  coincide  in  direction  with  the  taut  cord ;  the  screw 
marked,  the  sight  removed,  holes  drilled  and  tapped,  and 
then  attached. 
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REPORT  ON  THE  POLE-LIFT  FOR  FIELD-ARTILLERY  CARRIAGES, 

By  Capt.  W.  L.  Haskin,  First  Artillery. 

(1  plate.) 

Presidio  of  San  Francisco,  Cal.,  Augmt  1, 1885. 

Chief  of  Ordnance,  U.  S.  A., 

Washington^  D.  C. : 

Sir  :  I  have  the  honor  to  state  that  I  returned  to  this  post  on  the 
15th  ultimo,  with  my  battery,  from  a  practice  march  of  408  miles. 

Two  of  the  3.2-inch  B.  L.  converted  rifles  mounted  on  steel  carriages 
were  taken  with  us.  I  did  not  take  their  limbers,  but  used  the  wooden 
ones  of  the  3-iuch  guns.  We  encountered  all  the  difficulties  that  we 
would  be  apt  to  meet  in  campaign,  and  went  over  the  steepest  grades 
that  the  battery  has  ever  crossed,  all  without  injury  to  man,  horse,  or 
vehicle. 

I  inclose  a  photograph  of  the  pole-lift,  constructed  for  me  at  Benicia 
Arsenal,  by  your  authority,  for  use  on  this  trip,  and  report  that  it  per- 
fectly fulfills  its  object.     I  had  no  neck-sores,  nor  any  galls  that  could 
not  be  entirely  cured  in  one  or  two  days.    The  difference,  in  this  respect, 
between  my  experience  of  last  year  and  particularly  of  this  year,  as 
compajefl.  with  Major  Sanger's  experience  in  1883,  is  very  marked.    Ko 
lightfoPftery  should  make  any  long  march  without  these  lifts.    They 
take  tfie  weight  of  the  pole  from  the  necks  of  the  wheelers,  and  save 
the  horses  from  all  the  bad  effects  due  to  the  thrashing  of  the  pole  up 
a,iid  down  as  gullies  or  gutters  are  crossed.    To  remove  them,  it  is  only 
necessary  to  unhook  the  chain — either  before  or  behind  the  limber — and 
thej^  can  be  thrown  off  at  once.    When  the  end  of  the  pole  is  raised 
this  is  easily  done. 

In  order  tx)  diminish  the  weight  on  the  pole  I  shifted  the  knapsack 
Straps  to  the  rear  of  the  limber-chests  and  hung  a  rack  there  for  the 
kinapsacks. 

This  also  made  more  room  for  the  legs  of  the  men  and  made  the  chest 
^  more  comfortable  seat  for  them. 

I  could  not  do  this  on  the  new  iron  limbers,  nor  could  I  use  the  pole- 
lift  on  the  one  of  them  which  is  re-enforced  with  a  band  of  metal  pro- 
jecting above  the  lid  and  crossing  it  from  front  to  rear  on  its  middle 
line.  It  was  for  these  reasons  that  I  did  not  take  the  new  limbers  with 
Uie. 

The  new  carriages  are  not  provided  with  long  sponges,  nor  with  any 
Ixooks  or  loops  upon  which  they  could  be  carried.  After  a  day's  firing  it 
is  absolutely  essential  that  the  whole  bore  of  the  gun  should  be  cleaned, 


covered,  I  had  covers  made  of  heavy  canvas  and  leather,  bi 
before  we  started  out  that  the  steel  rusted  much  worse  when  t 
were  on  than  when  it  was  wholly  without  such  protection,  an 
ingly  I  removed  them. 

We  were  absent  five  weeks,  and  the  breech  mechanism  did 
at  any  time  for  want  of  cover. 

I  am,  sir,  very  respectfully,  your  obedient  ser\'ant, 

WM.  L.  HASK 
Captainy  First  Artillery^  commanding  Light  Ba 
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EFOBT  OF  THE  lloySTinrricx  nf  KSrEHJUEKTAI.  CJlttUJGE  dXI> 
LIMBER  FOlt  l!ATUS(.  <.i  \  ^  i  ,■  i:!- 1!  O.ih  IM^B,  MQUEl  ItySl,  JXD  OF 
CART  FOR   DISTIilHVT  ■  ini  AMilVSntOK  OS   TUM   FIELD 

OF   BATTLE,  AT    IVATf  .     -,   VJZ,,   VESIGSBD   BT  CAI'T.  B.   S. 

WILLISTON,  SECOyU  I.   .■      il:t!ili  l:V. 

By  LiKUT.  Col,  A.  Mokukcai,  Oiujnaxce  Dkpartment. 
(3  platPS.) 

"Watbrvliet  Aesbnal,  N.  T, 
The  experimental  gun  carriage  ami  limber  for  Gatliitg  gun,  caliber 
.45  incti,  model  1881,  fabrifatetl  at  tliia  arsenal  in  1881  and  1883,  were 
lodiflcations  of  those  of  prt-viotia  patterns,  propost<d  by  Capt.  (now 
lajor)  E.  B.  Williston,  Second  U.  8.  Artillery. 
The  features  desired  in  this  construction,  and  aUo  tbose  for  the  am- 
muitioQ  cart  for  distributing  Bmiill  arm  ammnnitioii  on  tlie  tield  of 
lattle,  proposed  by  (Japtain  Williston,  and  inauufactnretl  about  the 
atue  time,  are  set  forth  iu  the  following  papers: 

Wasminqtos,  D.  C,  StplemhrrS,  1361. 
Tie  Chief  of  Ohpnance  U.  6.  Army, 

Wathington,  D.  C.  : 
General  ;  The  metbnd  of  packing  ammuoition  and  feeding  maaliiDe  eiids  proposed 
y  Captain  Greer,  OrdiiHDce  Dtrpartment,  U.  S.  knay,  arid  rr  com  mended  for  adoption 
3  the  Light  Artillery  Board,  necBHuitAtes  radical  changee  in  the  Byateni  of  Bupplylae 
mmunitioD  I  have  lia<l  \.\\e,  tionor  to  siibmlt  (g«c  my  report  dated  Marcli  20,  \^),  and 
1 1  have  aimplilied  tiie  plan,  untwithataiidlng  that  I  have  exteodiMl  it  ao  ns  tu  em- 
race  the  supplyinfi  of  infantry  auil  cavalry  in  lialtlc  as  well  hs  the  machine  gan, 
leroby  making  the  syHleni  conii>lele,  I  very  renpectfnlly  reqnest  tliat  I  mat  be  per- 
itted  to  confer  with  the  commanding  ofHcer  of  the  Watervliet  nnenal,  with  a  ^ew 
^  CoDBtrilcting  ut  that  arsenal  a  carl.,  one  oet  of  haruess,  and  one  net  of  pouclieB,  foe 
9e  in  packing  the  cart  horses  n'hcn  circnmstances  prevent  the  carta  from  being  used. 
I  have  been  prevented  from  submitting  the  iletaila  of  thia  system,  as  improved, 
ith  the  reqnired  dra  wings,  And  1  would  prefer  to  await  the  reanlta  of  a  consnltatioa 
ith  Colonel  KiilHDgton  before  fiimiahing  them,  as  I  am  atill  undecided  a»  to  some  of 
le  minor  uartH  of  the  conatcuction. 

The  reanlts  of  th<!  trials  which  Ihavomade  with  the  ammunition 4uppl;  cart  already 
^rniahed  to  me  warrant  rny  L-ipre»»iug  the  belief  thatj  in  case  this  important  system 
1  tried,  the  results  will  prove  satisfactory,  and  will  simplify  the  iirnblem  of  supply 
ow  rendered  of  great  conaequeiice  bj-  the  introduction  of  the  breech-loader  and  the 
lachine  eiin,  and  the  propotMH)  adoption  of  a  magsziiic-rifle. 

If  posailde,  I  would  like  tn  have  tbo  cart,  the  hameas,  and  the  poaches  mode  iu 
ime  to  submit  theui  to  the  IJcbt  Artillery  Board. 
Very  respectfully  your  obedient  servant, 

EDW'D  B.  WILLISTOK, 

Captain  Second  JTMltrv. 
(First  lDdonem«iI.| 

Ordxuick  Officb,  September  a,  18S1. 

Respectfully  referred  to  the  commanding  officer  of  Watervleit  arsenal,  who  will 
infer  with  Colonel  Willistoa  on  the  subject  matter  of  the  within  oommaoication 
nd  other  kindred  subjects.     He  wUl,  as  soon  as  possible,  report  on  the  changes  to  be 


!  REPORT. 

GUN  CARRIAGE  AND  UMBER. 

Col.  E.  B.  WilliHton  proposes  to  havo  built  one  carriage  differing  ft 
model  of  carriage  for  Gatling  ^ims  niadoat  Watervliet  arsenal,  provided  t 
has  all  the  latest  iniprovemeuts,  which  it  has,  so  far  as  known,  at  Waterv 
excepting  the  modifications  described  below  of  the  changes  propose*! 
Greer,  Ordnance  Department,  in  the  size  and  manner  of  tilliDg  hmber-bo 
on  gun  axle;  in  substituting  for  splinter- bar  doable  and  whtffie  trees; 
brake  for  down  hill  which  shall  also  be  a  mad-8craj>er  for  wheels,  descr 
in  having  trail  hand-spike  hinged  to  the  trail,  and,  in  so  far  as  the  differe 
permit,  have  this  carriage  so  made  that  future  constructions  of  carrisges  1 
ner  macliine  guns  sliall  be  like  it.  He  desires,  also,  whatever  additions 
essary  to  enable  him  to  carry  on  the  Carriage  or  limber,  and  in  the  mai 
the  lollowing  articles*,  viz: 

Feed-guides,  outside  of  limber  and  gun  boxes;  intrencbiDg  tools;  wi 
(two  of  galvanized  iron,  painted  olive  to  rimj  on  foot-board  of  limber  I 
rings;  a  small  grease-can  holding  wheel-grease  and  a  small  shovel  or 
tweeii  the  limbrr-houndH;  a  picket  rope :)  iiicbes  girth,  40  feet  long,  with 
end  on  curved  Imoks  under  the  limber-axle:  the  necessary  spare  psrts  mm 
ments  somewhere  outside  of  limber  and  gun  boxes ;  in  like  manner  a  moni 
cotton  waste,  and  a  brass  oiler. 

He  wishes  also  all  wood  parts  to  be  oiled  instead  of  painted ;  tbegnn  tol 
the  rear  sight  of  (iatling  gun  to  be  the  same  as  the  Ganlner,  and  the  ft 
the  Gardner,  but  liner  at  the  point,  and  maile  to  fold  down  when  not  in  n 

Wheu,  in  April  last,  work  was  8us}>ended  on  the  14  Gatling  CArriageSy 
construction  at  Watervliet  arsenal,  the  limber-boxes  and  boxes  for  mn 
fully  completed,  with  the  exception  of  putting  iu  the  fillings,  whiefi  «i 
made. 

The  changes  propost^d  by  Captain  Greer  cannot  be  applied  to  these  bo 
were  too  small ;  but  the  limber-boxes  can  be  made  to  cany  10,080  foonde' 
than  the  proposed  box — withont  other  alteration  than  pnttinff  In  puiitioni 
to  take  up  some  unnecessary  plajf  of  cartrid^  packages,  tans  ttiWMWisfn 
I  proposed  drawers.    Those  of  the  Lowell  carnage  at  Watervliet  weighs  w 

18^  pounds,  which  add  to  the  weight  to  be  carried  and  are  otherwise  o1^ 
The  gnn  axle-boxes  are  too  small  to  carry,  iu  packages,  eaoh  imm  than 
rounds,  but  boxes  can  be  made  whose  interior  dimensions,  withoat  parti 
exceed  these  but  0.023  inch  (height)  by  0.7  inch  (depth)  by  1.81noheB(widti 
each  *i,5GU  rounds,  together  r>,l*iO--dOO  less  than  Captain  Grsei's  boana  or  i 
makiug  the  sum  total  for  each  gun  (10,OdO  +  5, ISO  =  18^900)  400  men 
wliich  (\intaiii   (rreer's  nlan.  so  far  as  nndemtood.  do«Mi  not.  the 
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Eftter  fiMsilities  for  using  it  in  action,  and  desires  for  the  carriage  to  be  bnilt  forhim, 
ber-chest  and  boxes  for  gnu  axle  as  follows,  viz  :  Limber- chest  of  about  the  same 
lensions  as  those  last  made  at  Watervliet  arsenal  for  the  Qatlin^  carriage,  the  in- 
Irior  to  be  divided  by  partitions  the  full  height  of  chest,  into  six  compartments, 
Keh  to  bold  1,680  rounds  packed  in  the  feed-cases  proposed  by  Captain  Greer. 
In  OMih  compartment  there  will  be  a  ''follower"  for  retaining  in  place  the  cart- 
IdMS,  whether  the  compartment  be  wholly  or  partially  filled. 
B<nc«s  for  gun  axle  (each  to  carry  2,560  rounds,  also  in  the  proposed  feed-cases, 
Itlm  in  one  or  two  compartnif  nt8,  to  )>e  decided  hereafter)  to  be  like  those  made  for 
k»t  Qonslmcted  Qatling  carriage,  but  increased  in  dimensions  as  above  stated,  and 
h«ten«d  in  like  manner  to  gnu  axle ;  the  left  one  immovably  with  lid  across  the 
rhole  top  opening /rom  the  ^m ;  the  right  to  rotate  to  the  front  about  on  axis  near 
Ipper  mrface  of  axle,  with  hd  on  end  toward  the  trail,  hinged  to  the  top. 

The  bfftke  for  down  hill,  desired  and  referred  to  above,  is  the  same  as  proposed, 
nly  lighter,  for  the  3.20-iuch  field-carriage ;  that  is,  a  rod  or  bar  of  iron  or  steel,  eyed 
)t  OD6  ead  to  a  strap  around  the  shoulder- washer,  the  other  end  being  a  compara- 
liyely  Imvy  shoe,  forged  on,  so  that  when  held  vertically,  the  sho*^,  having  a  fiance 
o  go  ootride  of  tire,  will  pass  over  the  tiro;  from  this  position,  thrown  either  to  the 
Vont  or  rear,  it  will  break  the  wheel;  to  the  rear,  on  the  march,  it  will  serve  as  a 
D»d-floi»per. 

AMMUNITION  CART. 

To  dlflbr  from  the  one  last  made  at  Watervliet  nhienul  in  the  following  particulars: 
Iplintor-lMir,  hounds,  and  what  correKponds  to  the  fork,  to  be  of  iron  ;  wooden-axle 
>ody  to  to  dispensed  with  ;  the  honuds,  of  angle  iron,  to  extend  to  the  rear,  suitably 
lent  ft&d shaped,  to  serve  as  mud  scrapers  for  the  wheelH;  addition  of  whiflietrees; 
iiafta  to  be  turned  round  for  a  certain  distance  from  the  ends  for  the  use  of  the 
'shaft-ri^Ks"  of  harness;  the  body  replaced  by  a  low  wooden  chest,  similar  to  an 
xrdinMy  eart-b<>dy,  divided  into  two  compartments,  ench  to  carry,  packed  in  the 
Ireer  Ibed-cmaes,  7/^00  rounds;  this  chest  or  body  to  rotate  to  the  rear  about  the  axle, 
o  whiAifc  is  to  be  suitably  attached  to  permit  this  motion,  and  provided  with  a 
larrowHd  or  door  on  under  side  next  to  the  rear  end,  made  of  about  25-inch  steel 
llate,  wUeh  shall  be  automatic,  opening  for  the  distribution,  on  the  ground,  of  cart- 
idgee,  vlien  the  body  is  tilted  to  tlie  rear,  and  closing  when  drawn  back  to  first  posi- 
tion ;  toaecomplish  which  operations  it  is  to  be  provided  with  (under  the  control  of 
lie  dxiTW)  ropes  and  a  lever  suitably  attached  to  it  and  the  part  of  cart  on  which  it 
bate:  i6  nave  two  lids  or  doors  on  top,  hinged  longitudinally, opening  from  the 
rheels^to  be  lined  on  under  side,  in  rear  of  axle  to  the  steel  door,  with  1-inch  sheet 
Iteel.  Tlie  means  and,  essentially,  the  details  to  accomplish  what  is  here  stated 
kave  alraidY  been  devised  and  worked  up  at  Watervliet  arsenal.  It  is  desired  that 
Bieoaitdiall  carry  two  axes,  a  spade,  a  pick,  sperm-oil  can,  a  monkey-wrench. 

CHANGES  IN  CART  HARNESS. 

Sabtlilation  of  Whitman  saddles  for  both  off  and  near  horses  for  those  now  in  use ; 
ftf  ehafrrings  for  the  hooks,  with  addition  of  breeching,  traces,  and  whiflietree  for 
iiaft-lione,  also  light  strap  with  snap-hook  connecting  shaft  ring  with  hame-tug ; 
nbetitakon  of  cavalry  for  artillery  bit  (Shomaker  preferred),  and  of  hair  for  web 
^rths  Air.  both  horses. 

All  tmces  to  have  chains  20  inches  long  with  Woelcken  hooks  attached  to  clips,  and 
Jl  to  be  perm  an  en  tlv  attached  to  hame-tugs;  whiflletrees  to  have  rings  instead  of 
'oook-eyes,''  and  collars  and  hamos  to  be  permanently  connected,  hinged  at  the  top, 
md  fastened  at  the  breast  with  a  spring-catch. 

Pouches  for  packing  ammunition  oti  the  horses:  To  be  made  of  leather  and  canvas, 
ewed  and  copper-riveted,  consisting  each  of  a  back  of  heavy  leather  and  two  heavy 
lotton,  duck  or  canvas  pockets,  7.25  by  12.50  by  15  inches,  to  carry  each  1,000  rounds 
n  the  Greer-paper  packages. 

The  leather  backs  are  to  bo  so  made  an  to  pnHs  over  and  ^attach  to  the  saddle,  as  on 
ordinary  saddle-bags,  carrying  a  pocket  on  each  side;  thcHe  pockets  to  have  flap- 
lovers,  to  be  attached  permanently  at  lower  inner  edge  and  temporarily  at  the  top 
»y  means  of  eyes  in  the  back  of  pocket,  extended  and  unit^jd  with  rear  of  flap  (thus 
loubling  the  thickness  of  duck),  staples  fast'Cncd  to  the  leather  back  and  leather  strap 

0  pass  through  staples,  as  in  an  ordinary  mail-bag;  the  canvas  flap-covers,  when 
^kets  are  fall,  to  be  fastened  to  the  body  of  pocket  in  similar  manner.  They  are  to 
to  emptied  on  the  ground  of  contents  by  removing  fastening  of  flap,  fastening  of 
^Ksket,  and  allowing  it  to  turn  around  its  lower  permanent  attachment  to  the  back, 

1  being  supported  and  fall  of  contents  regulated  by  driver. 
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ESTIMAIES. 

For  carriage  and  limber  (withont  equipment  of  tools,  dtc.) |l 

For  ammunition  cart  (without  equipment  of  tools,  &c.) I 

For  ammunition  harness  (exclusive  of  patent  collars  and  bamos) \ 

For  probable  cost  (not  known)  of  two  ]>atent  collars  and  hanies  permaneoUy 

attached,  hin^^ed  at  the  top  and  closing  at  the  breast  of  the  spring  catch.. 

For  two  pairs  of  ammunition  pouches,  at  $15  each 

Total ( 

Remark. — As  all  the  above  are  more  or  less  exi>erimentaly  the  exact  cost  cam 

f:iveu,  and  will  be  more  than  for  subsequent  protluctious  after  modela  are  once' 
ished. 

Respectfully  submitted. 

A.  R.  BUFFINOTOH, 
Lieutenant' Colonel  of  Ortfmanea,  CommcM 

[Third  indorsement.] 

Ordnance  Office,  October  1, 1 

Respectfully  returned  to  the  commanding  officer Watcrvliet  arsenal,  approTi 
the  money  estimated  will  be  remitted.  It  is  not  intended  that  the  within  recomi 
tions  will  be  strictly  carried  out.  Such  moditicatious  as  ezperionoe  during  the 
facture  may  suggest  as  improvements  mav  bo  made,  Slc, 

S   V   B£N£T 
Jirigadier-Gwerml  Ckitf  of  Ordn 

CONSTRUCTION. 

The  above  report  of  Lieut enant-Colouel  Baffing^Oy  accomps 
his  iiulorseiueiit  2,  dated  September  28, 1881,  was  the  guide  by 
the  work  was  to  be  doue,  but  as  the  coustmctions  were  made  ant 
eye  of  Captain  Williston,  or  from  his  instructions,  many  dev: 
were  made  from  what  was  first  proposed. 

The  gun  carriage  and  the  limber  differ  from  those  of  previoi 
tern  for  guns  of  the  same  model  in  the  following  points,  viz: 

CARRIAOa. 

(Plate  1.) 

(1)  The  axle  boxes  for  ammunition  are  smaller  and  the  del 
their  attachment  to  the  axle  body  are  changed.  Each  box  will  t 
45  or  48  packages  of  20  cartridges  each,  depending  npon  the  i 
in  which  they  be  arranged. 

(2)  Tlie  axle  braces  are  bent  to  enable  the  cannoneers  to  stand 
to  the  carriage. 

(3)  The  trail-handspike  is  of  metal,  and  is  attached  to  the  1 
plate. 

(4)  Each  wheel  is  provide<l  with  a  "  BnflSngton"  traveling  brs 
ranged  for  use  also  as  a  mud-scraper.  There  are  chains  to  ret 
brakes  on  the  whei^Ls  when  they  are  serving  as  mad-scrapers,  ai 
ports  with  spring  catches  to  secure  the  brakes  when  not  in  ase 

(5)  The  wood  work  is  oiled,  only  the  metal  work  is  painted  bl 

UMBER. 

(Plate  1.) 

(1)  Instead  of  3,  there  are  2  foot-boards  resting  flat  upon  the  h 

(2)  The  splintor-bar  is  of  the  same  length  as  foot-bcwrds. 

(3)  The  fork  extends  in  front  of  the  splinter-bar. 
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Q  evener,  with  a  aiugle-tree  at  eacli  end,  ia  attached  to  the  fork. 

le  pole-iirop  is  hehl  up,  wheu  not  in  use,  by  a  spring  clasp  on 

hound. 

second  prop  is  attaclied  to  tho  rear  end  of  the  left  hound;  this 

ip  by  a  spring  clasp  at  the  rt'ar  of  the  axle  body. 

'eight  at  the  end  of  the  pole  bsiiig  so  much  rednced,  a  prop  id 

lie  chest  appeared  advisable  for  use  wben  the  lid  of  the  chest 

le  horizontal  part  of  pintle-hook  increased  in  length,  to  facili- 

bering. 

le  chest  is  increased  in  size  and  is  divided  by  vertical  partitions 

compartments  capable  of  containing  X13  packages  of  20  cart- 

ach,  making  13,440  rounds  of  ammanition  on  the  limber. 

;  hinged  at  the  bottom  of  eacli  compartment  and  secured  at  the 

t  spring  clasp,  retains  tbo  piickuges  in  place  when  the  lid  may 

■es  in  the  partitions  admit  of  the  insertion  of  metal  plates,  "  fol- 
to prevent  nudue  motion  to  tlie  packages  when  a  compartment 
re  been  partly  emptied. 

le  lid  of  the  chest  is,  when  open,  held  in  a  horiKontal  jiosition 
ihains  teriuiuating  in  snaps,  which,  when  nnhooketl,  permit  the 
II  to  a  vertical  position,  and  allow  the  cartridges  in  the  front 
the  chest  to  be  reached  more  readily. 

)u  the  front  of  the  limber-cliest  are  carried  two  felling  axe» 
mattock,  held  by  sockets  and  spring  clasps, 
e  foot-boards  are  two  watering  buckets  placed  in  iron  rings, 
ith  the  footboards  are  one  shovel  and  one  spade,  secured  by 
and  strajis  with  turn-buckles. 
The  wood  work  is  oiled  bnl.v,  the  metal  work  is  painted  black. 

AMMUNITION     CART. 

(Plat*  11.) 

immunition  cart  is  for  supplying  additional  ammunition  to  ma- 
ms, but  it  is  especially  designed  for  disributiug  small-arai  am- 
n  to  troo|is  on  the  field  of  battle. 

neral  construction,  Plate  11,  is  that  of  a  two-wheeled  tip-cart, 
rame  consists  of  2  wheels,  1  iron  axletree;  1  wooden  axle 
side-rails,  1  cross-bar,  and  2  shafts,  the  right  one  attached 
ross-bar,  and  to  the  right  side-rail  by  rondelles,  and  the  left  one 
o  the  cross-bar  and  extending  back,  mortised  into  the  axle  body. 
KMly  to  the  cart,  has  a  lid  in  two  pieces,  hinged  to  the  npper 
the  sides ;  it  is  divided  by  vertical  partitions  into  five  lougi- 
wimpartnii'iiis,  each  of  which  is  closed  at  the  rear  by  a  door 
10  the  rear  iijiper  rail  of  the  body. 

compartment  is  the  width  of  the  length  of  the  pajier  package 
jtains  -'0  cartridges,  and  by  careful  packing  each  will  receive 
iges  in  liciglit  and  15  in  length,  making  150  packages,  or  3,000 
of  ammunition  in  i?acli  conijmrtnieiit,  or  15.000  rounds  in  the 

nteiided  that  two  horses  should  ordinarily  be  used  in  this  cart, 
one  in  shafts,  the  near  one  to  be  ridden  by  the  driver;  tiie 
f  both  to  be  iittached  to  singie-trees  hooked  to  the  cross-bar. 
ttachments  for  tijiijing  the  body  and  for  opening  in  succession 
door  of  eucli  compartment  shown  in  the  ptate  are  controlled 
irirer.    The  cord  o[>eratiiig  the  door-catches  extends  in  a  groove 
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along  theandersideoftheleft  shaft  to  its  Contend,  then  passes throaglL   i 
the  abaft  and  over  a  pully  to  the  driver's  hand.     The  loop  of  theootd,    . 
whose  ends  are  attached  to  the  lever  aod  its  catches  for  tipping  and 
lowering  the  body,  is  brought  to  the  driver  from  behind;  the  fbrM 
which  he  has,  consequently,  to  exert  on  this  cord  being  a  pull  to  th* 
rear. 

Qrooves  in  the  sides  of  the  compHrtments  admit  the  introduction  of 
aheet-metal  slides  to  prevent  t«o  free  motion  among  the  packages  of 
cartridges  when  a  compartment  may  be  hut  partly  full. 

From  each  side  rail  a  metal  bar  extends  over  the  at^acent  wheel  to 
serve  as  a  mud  scraper. 

The  lid  is  covered  with  heavy  canvas,  oiled.  All  the  wood-work  is 
oiled  only,  and  the  metal  parts  are  painted  black. 


(Piste  m.) 

The  harness  is  of  russet  leather,  with  the  metal  parts  blacked. 

The  "Whitman"  siiddle  is  used  for  both  horses.     At  the  reivr  of 
saildle  is  a  hook,  on  which  is  placed  the  single-tree  with  traces  attached] 
when  the  horse  may  be  hastily  detached  from  the  cart.    The  siugle-tr 
rests  upon  a  pad  in  rear  of  the  saddle. 

A  strap  over  the  off  saddle  supports  heavy  metal  rings,  throndi 
which  the  shafts  pass,  and  from  which  they  are  readily  withdrawn.  Tm 
harness  of  this  horse  is  provided  with  Berry's  patent  collar,  such 
employed  in  the  harness  for  steaui  fire  engines, 

The  hiirness  for  the  near  horse  has  the  siiddle  equipped  with  stirmps^ 
and  has  a  breast  strap. 

AMMUNITION  POUCHES. 


For  supplying  ammunition  to  troops  that  cannot  be  reached  by  1 
cart  two  pairs  of  canvas  bags  or  pouches  are  provided.    These  may  __ 
carried  habitually  on  the  lid  of  the  cart,  and  when  required  (the  horstf 
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HAKNESS. 

(Plate  III.) 

The  harness  is  of  russet  leatlier,  with  the  metal  parts  blaci 

The  *'\Vliitniaii''  saddle  is  used  for  both  horses.  At  the  r* 
saddle  is  a  hook,  on  which  is  phiced  the  single- tree  with  traces 
when  tlie  horse  mav  be  hastih'  detached  from  the  cart.  The  i 
rests  ni)on  a  pad  in  rear  of  the  saddle. 

A  strap  over  the  ott"  saddle  supports  heavy  metal  ringi 
which  the  shafts  pass,  and  from  which  they  are  readily  withdr 
harness  of  this  horse  is  provided  with  Berry's  patent  collar, 
eniployetl  in  the  harness  for  steam  fire-engines. 

The  harness  for  the  near  horse  has  the  saddle  equipped  wit) 
and  has  a  breast  strap. 

AMMUNITION  POUCHES. 

(Plate  III.) 

For  supplying  ammunition  to  troops  that  cannot  be  leach 
cart  two  pairs  of  canvas  bags  or  pouches  are  provided.  The 
carried  habitually  on  the  lid  of  the  cart,  and  when  required  ( 
having  been  hastily  detached  from  the  cart),  are  hung  over  to 
filled  from  the  cart,  and  sent  speedily  to  their  destination. 

The  pouches  are  attached  at  their  lower  edge  permanen 
seat  piece,  of  leather,  but  at  their  upper  edge  are  secured  to 
by  a  strap  only,  passing  through  staples. 

This  strap  being  withdrawn  allows  the  pouch  to  rotate abou 
inner  cd^e  and  discharge  its  content^}  upon  the  ground. 

Each  pouch  will  hold  50  paper  packages  of  20  cartridge 
1,(K)0  rounds  to  a  i>ouch,  or  2,000  rounds  for  each  horse. 

The  aniniunition-cart  with  its  harness  and  the  ammunitio 
were  sent  to  Capt.  E.  B.  Willistou  at  Fort  Leavenworth,  Kani 
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REPORT  OF  THE  COySTRUCTfOX  OF  QVN-CARRIAQE  SADDLE  FOB 
BOTCBKISS  ilOVXTAm  BUN,  CALmER  1.(15  INCHF.S,  AT  H'ATERrLIET 
ARSENAL,  DESIGNED  BT  CJfT.  F.  D.  BALDWIN.  FIFTH  U.  S.  IN- 
FANTB7. 

By  LiEL-T.  Col,  A.  MonuHtui,  Ohdnanck  Dbp*rtiisnt. 

{1  iilatp.) 

Watertliet  Adsenal,  N.  Y. 

Tlie  mountain  (;un-carriage  saddle,  deHigiied  by  Capt.  F.  D.  Bnldwin. 
Fifth  U.  S.  IiifaDtrv,  was  made  iit  this  iirsonal  iu  the  winter  of  1^2  and 
1883.  It  was  issueil  to  the  Fort  Abraham  Lineolu  ordnance  depot  in 
April,  1883. 

Its  construction  and  use  are  set  forth  it  the  following  papers.  Some 
modifications  jtroposed  afterwards  by  Uaptaiu  Baldwin  were  adopted. 
The  drawings  on  the  plate  show  the  carriajfe  as  couatrtictei] : 

Tkcumsrh,  Mich.,  J«ffN»i29,  18S1. 
Col.  James  M.  WiriTTKMOBE, 

Acting  Chief  of  Ordnance: 
Dear  SiRr  I  linve  just  com|>leted  a  inoil^I  of  the  )^n-calTi»Ke  sildillc,  noil  on  your 
■ngftestion  I  forwanl  the  same  by  maiil  to  tlit>  Department,  IhaTO  not  hoA  time  to 
complete  the  ilesuriiition  aa  I  should  have  liked,  bnt  sufflcientlv  bo  that  nith  aid  uf  tha 
model  it  cat!  be  iiuderslood.  should  there  be  anything  wauting  in  description,  &a., 
And  ^'ou  will  Ifl  itie  know,  will  try  and  eiiilain.  I  bare  not  onterrd  into  smaU  de- 
taila  either  in  niy  niiKlul  or  ditacription ;  in  taut  this  model  only  covera  and  shows  the 
idea  orprinci|i1e,  which  must,  by  actual  eEporimeDts  and  triufs.  be  perfected. 

I  have  esti mated  the  weight  of  gnn  and  oarriaKe  at  not  exceeding  '220  ponnda.  I  do 
not  believe,  howi'ver,  that  if  the  earringe  is  properly  made  the  entire  weight  will 
exceed  200  ]>ouuils. 

The  carriafre  should  be  made  of  stc'el  uf  about  one-eighth  inch  in  thickness. 
Believinj;  tlint  Ilie  subject  wilt  receive  due  consideration  at  the  haods  of  the  Ord- 
nance Department,  and  requesting  information  ns  to  disposition  and  reuowiuuDdationB 
made, 

I  remain,  with  grenl  respeot,  yours,  iie., 

PRANK  D.  BALDWIN, 

Captain,  Fiflk  la/antry. 

Trcumbeu,  Mich.,  Avgiut3S,  1881. 
The  Chief  of  Oiibsakce  U.  S.  Army, 

IFaiAJnjtoi',  /'.  C: 
Sir  ;  In  preseuiiii);  the  inclnsed  mo<lr>l  of  a  monutuju  gnu-oiirriagn  noddle  it  is  with 
ft  view  of  overcoming  obstacles  found  to  exist  io  usiug  the  ordinary  gun-carriage 
when  it  becomes  ueo'ssary  to  pack  it  on  jiiiiles  !u  fnonntain  wurfore,  or  when  it  la 
Inprncticahleor  im]itissi1>Ie  to  go  on  nlieela.     Il«  oilvantnitea  are: 

<1)  The  carriaue. saddle,  including  the  Hotohklaa  muautain  gun,  weighing  not  to 
exceed  220  imuiidN,  ciiu  be  i)acked  on  iinn  mulii,  whcn-oa  it  roqnirui  three  mules  to 
pack  the  gun  and  carriage  now  iised~a  saving  of  two-thirds  in  iraaspurlation. 

(2)  The  gun  and  carriage- saddle  are  cainplrtfl  within  themselves,  and  when  the  one 
Binle  upon  which  it  is  [lacked  reaches  the  field,  we  nTf  itiadj  for  tictlon;  when<aawith 
the  carriage  now  used  it  is  oecessory  to  got  throe  uiiilce  on  to  the  field,  and  in  uoM 

645 


be  taken,  and  it  is  not  my  intention,  nor  woald  I  consider  it  adviuable, 
with  the  gun-carriage,  excepting  under  circumstances  when  the  gun  cam 
ported  on  wheels. 

Believing  that  the  merits  of  the  gun-carriage  saddle  will  be  recognizee 
cers  without  further  comment,  I  will  respectfully  submit  this  model  w 
meager  description,  requesting  that  it  be  presented  to  the  Board  of  Li^ 
Officers  now  in  session  at  Washington,  D.  C. 

Very  respectfully,  your  obedient  servant, 

FRANK  D.  BALE 
Captaifi,  t\fil 
[First  indoraement.] 

Ordnanck  O] 
Waihin^n,  Sepitml 

Respectfully  referreil  to  the  presMent  of  the  Light  Artillery  Board,  fo 
tion. 

JAS.  M.  WHITTEM 
Aeiins  CH^of 
[Second  indorsement.] 

Light  Artillkrt  B 
TTatkington,  /).  C.»  Septemi 

Respectfully  returned  with  the  information  that  the  Board  baa  recomi 
one  carriage  be  made  for  trial. 

JNO.  C.  TIDE 
Colonel,  A,  Z>.  C, 
[Third  indonement] 

Ordkakcx  Ol 
IFotJkiJi^foR,  yovtmhe 

Respectfully  referred  to  the  commanding  officer  of  Watervliet  Anenal 
tion  with  report  of  Light  Artillery  Board,  sent  him  on  the  16th  inat.    1C< 
express. 
•  Bv  order  of  the  Chief  of  Ordnance. 

JA8.  M.  WHirrESiOR] 
j    f  LUmtOKmmUColotui  0/ 

I    ;  DESCRIPTION  OF  THE  BALDWIN  MOUNTAIN  GUN-CARRIAGE 


I 

i  DI^IENSIONS. 


I  endeavored  to  bavc  the  model  made  to  the  scale  of  1  inch  t 
Not  lia\iiig  the  exact  dimensioua  of  the  Hotcbkias  mountain  { 

^loiihtpdlv  will  h9t  foil  1  id  iiPf*o>i.<5irv  tn*i»ndifv  Hia  fnn  iiM>tinn  r 
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•jwrhile  in  transit,  and  in  case  it  becomes  necessary  for  the  men  to  carry 
;  the  gun  and  carriage  by  band,  these  rings  can  be  tnrned  to  the  front 
^  and  rear,  the  raDirocls  passed  through  them  at  right  angles  to  the  car- 
-  riage,  whereby  handles  are  improvised,  which  will  enable  the  men  to 
*■  move  the  piece  with  ease  and  to  points  inaccessible  for  animals. 

To  provide  for  the  elevation  of  the  gun,  a  thin  plate  of  steel,  fast- 
^  ened  to  the  front  cross-bar,  extending  to  the  rear  under  the  gun  and 
; -over  the  rear  cross  bar.    To  regulate  the  elevation,  a  wedge  is  used. 
V  At  the  rear  end  of  the  top  section  is  a  round  iron  bar,  the  ends  of  which 
^;pa88  through  the  sides  of  the  carriage  and  shaped  into  a  crank.    A 
"'^'washer  is  fitted  to  this  bar  close  to  the  sides  of  the  c-arriage,  which  pre- 
vent its  spreading.    On  the  inside,  attached  to  this  bar,  are  flanges, 
which  act  in  the  double  capacity  of  preventing  the  sides  from  closing 
in,  and,  when  the  lower  section  is  closed  together  and  standing  per- 
pendicular, holds  the  top  and  lower  sections  together  securely  by  the 
flanges  passing  down  into  the  slots  cut  out  of  the  saddle-pads.    The 
bend  in  this  bar  is  to  give  the  necessary  room  to  secure  elevation  of 
the  gun. 

The  wooilen  pads  attached  to  the  lower  section  inside  made  to  fit 
the  aparajoe. 

At  each  end  of  the  lower  section  are  hooks,  which  are  used  to  pre- 
vent the  spreading  of  the  carriage  when  in  action.  When  packing  the 
carriage  these  hooks  will  be  secured  along  the  side  of  the  carriage  by 
inserting  the  point  of  the  hook  in  the  eye  on  the  runner. 

SEE  MODEL. 

To  be  made  of  ^-inch  steel.  It  may  be  found  necessary  to  strengthen 
the  rear  part  of  the  top  section  to  keep  it  from  spreading  or  closing. 

GENERAL    INSTRUCTIONS   FOR    USING   AND   WORKING   THE    BALDWIN 

MOUNTAIN-GUN-CARRIAGE  SADDLE. 

Being  ready  for  action,  the  ramrods  removed  from  the  rings,  to  pre- 
pare it  for  packing  on  mules — 

(1)  Turn  the  cranks  on  each  side  around  to  the  front  until  they  stand 
perpendicular  to  the  sides.  This  will  turn  the  flanges  out  of  the  slots 
and  disengage  the  sides  of  the  carriage.  Then  unfasten  the  books  lit 
each  end  of  the  lower  section  of  the  carriage,  turning  them  back  and 
along  the  side,  securing  them  in  the  runners.  This  done,  the  lower 
section  can  be  spread. 

(2)  Spread  the  base  of  the  carriage  about  2  feet,  each  side  equally, 
then  turn  the  cranks  down  so  that  they  will  lay  horizontally  with  the 
sides  of  the  carriage.  This  is  necessary  to  prevent  the  bar  coming 
down  onto  the  mule's  back. 

(3).  Turn  the  gun,  muzzle  to  the  rear,  placing  the  trunnions  in  the 
rear  trunnioubed.s.  The  carriage  is  now  ready  and  in  shape  to  be 
placed  on  aparajoe. 

It  should  be  lifted  bodily  to  the  mule's  back,  the  lower  part  of  the 
carriage  next  the  mule  swinging  out  horizontally  to  prop  it  over  the 
back  of  the  mule,  lash  and  fasten  securely,  passing  the  lashings  through 
the  openings  in  the  lower  sections  and  not  over  the  runners,  as  it  would 
have  a  tendency  to  s])ring  the  sides  out  of  shape  and  spring  apart  the 
top  section,  besides  throwing  the  pads  off  the  apartgoe,  whereas  they 
should  be  lashed  down. 

After  the  carriage  is  properly  packed  put  the  ramrods  through  the 
rings  in  their  proper  place. 


[I 

(!  MATERIALS. 


E 


The  principal  parts  of  this  ciirriage  are  of  Bessemer  ste 
^1"  thick. 

[i  The  truuuioD-beds  and  cap-squares  are  of  bronze. 

[  A.  MORDBI 

Lieutenant- Colonel  of  Ordnance^  Com 

Water VLiET  Arsenal,  N.  Y.,  1885. 
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BEPORT  OF  THE  CONSTRUCTION  OF  METAL  LIMBERS  FOR  SERVICE 
WITH  FIELD-CARRIAGES  FOR  Z.%INCH  BREECH-LOADINQ  RIFLES  AT 
WATERVLIET  ARSENAL. 

(6  plates.) 

WATERVLIET  ARSENAL,  N.  Y.,  September  — ,  1885. 

The  first  metal  limbers  for  field-carriages  constructed  at  this  ar- 
senal were  made  for  service  with  a  caisson,  a  battery-wagon,  and  a 
forge,  each  of  metal,  recommended  by  the  Board  of  Light  Artillery 
Oflicers  convened  by  virtue  of  General  Orders  No.  39,  Headquarters  of 
the  Army,  A.  G.  O,,  Washington,  April  28, 1881. 

The  following  extract  from  the  proceedings  of  that  Board  expresses 
its  views : 

The  pole  of  the  Umber  to  be  of  wood  and  the  frame  of  steel  or  iron,  and  its  wheels 
interchangeable  with  those  of  the  piece. 

The  limber-chests  to  be  of  steel,  and  for  the  3.2-inch  gnn  capable  of  carrying  about 
40  ronndsof  projectiles  laid  horizontally  in  pigeon-holes  or  boxen,  the  cartridges  to 
be  carried  above  the  projectiles  in  water-proof  drawers,  and  the  chest  provided  with 
two  drawers  or  compartments,  one  for  small  implements  and  the  other  to  be  used  ex- 
clusively for  carrying  friction-primers.  The  back  of  the  chest  to  let  down  by  means 
of  hinges  at  the  bottom,  giving  access  to  the  interior  of  the  chest ;  when  up  or  closed 
to  be  secured  by  strong  fastenings,  and  when  down  to  be  supported  horizontally  by 
■traps  or  other  device.  The  ends  of  the  chest  to  be  provided  with  handles,  as  in  the 
the  present  model,  and  foot-boards  of  metal  to  be  provided  for  cannoniers  when  mount- 
ed on  the  chest. 

That  wooden  single-trees  be  fastened  to  the  end  of  a  short  splinter-bar,  and  that 
the  lino  of  traction  of  the  traces  be  the  same  as  in  the  present  harness. 

The  pole  to  be  attached  to  the  limber  in  such  manner  as  to  be  removed  without  the 
use  of  a  wrench,  and  the  attachment  of  rear  to  the  front  carriage  by  means  of  a 
lunette  and  pintle,  be  the  same  as  at  present,  except  that  the  pintle  project  beyond  the 
limber-chest. 

That  the  front  of  the  limber-chest  be  provided  with  a  painted  canvas  boot,  to  cover 
the  knapsacks  carried  on  the  foot-boards. 

The  boot  to  be  fastened  at  the  top  by  means  of  eyelets  and  a  half-inch  strap  running 
through  staples  and  eye-pin  riveted  to  the  chest,  and  at  the  comer  by  straps  passing 
over  eye-pins,  the  ends  of  all  the  straps  to  be  protected  by  metal.    (See  Plate  1.) 

The  position  of  the  pintle,  the  position  of  the  ammunition-chest  with  reference  to  the 
axle,  and  the  lift  of  the  trail  in  pounds  will  all  more  or  less  determine  the  weights  on 
the  collars  of  the  wheel  horses,  as  well  as  the  dimensions  of  the  turning  angle. 

These  cannot  be  accurately  determined  by  the  Board  without  experimenting  with 
the  carriage  itself,  and  it  is  thought  that  while  it  is  advisiable  to  only  refer  to  these 
matters  in  a  general  way,  it  is  recommended  that  the  pintle  be  not  placed  under  the 
•best  that  the  turning  angle  be  as  large  as  practicable  without  greatly  increasing 
the  length  of  the  piece  limbered,  and  that  the  weight  at  the  end  of  the  pole  when 
the  piece  is  limbered  be  not  more  than  8  pounds  per  horse  unless  absoliitely  required 
by  the  other  details  of  construction. 

On  November  15,  1881,  the  preliminary  report  of  the  Board  was  for- 
warded by  the  Chief  of  Ordnance,  U.  S.  A.,  to  the  commanding  oflBcer 
of  this  arsenal,  with  directions  to  report  specifically  his  views  in  regard 
to  the  samples  to  be  made  with  estimate. 
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I  to  Ite  of  steel,  aud  for  the  D.S-iDcli  jtan  cnpalile  of  carrying  aboal 
liica  laid  horizontal];  !□  piKeon-boIos  or  Iroiex,  the  cartnduva  to 
e  jirojectiles  ill  ivati^r-iiTouf  drawers,  anil  tbe  cbeit  pnirided  nttb 


BBPOBT  OF  THE  CONSTRUCTION  OF  METAL  LIMBERS  FOIl  SERVICB 
WITH  FIELD-CABRUGES  FOR  iM-INCH  BREECU-LOADISO  RIFLES  AT 
WATERVLIET  ARSENAL. 

(G  platos.) 

Wateevliet  AE3ENAL,  N,  Y.,  St^tmber —,\8&5. 

Tlie  first  metal  limbers  for  tield-caniuges  coustnicted  at  this  ar. 
senal  were  made  for  service  with  a  caisaoD,  a  battery- wagon,  aud  a 
forge,  eacli  of  metal,  recommended  by  tlie  Board  of  Light  Artillery 
Officers  convened  by  virtue  of  General  Ordern  No.  39,  Hoadqaartere  of 
the  Army,  A.  G.  O.,  Washingtoii,  Apiil  28, 1881. 

The  following  extract  from  the  proceedings  of  that  Boainl  expresses 
its  views : 

The  pole  of  the  timber  to  be  of  woo<l  and  the  frame  of  st«t<1  or  iron,  aod  it*  whe«lB 
loterchangenble  with  those  of  the  pin 

The]iiubvr-chc3t«  ti  ■       '   ■     ■ 
40  roiiDda  of  projec 

be  carried  above  the  ji    _ .         _    .     . 

two  drawers  or  coiupartmeDta,  one  t»r  Hmall  implemeutH  and  the  otlier  tu  lie  u»eil  e 
olnsivel;  for  carrying  frictiou-priaierH.  The  hack  of  thu  cbest  to  let  doim  by  lueAiia 
of  hiuges  at  the  botlooi,  (civing  accoi^a  to  the  interior  of  the  chext;  when  ap  or  closed 
to  be  secured  by  strong  faateoiugs,  and  when  down  to  be  (nipporled  horJEontally  b; 
•traps  or  other  device.  The  ends  of  tho  ch^et  to  be  provided  with  haodlen,  oa  iu  tho 
the  present  model,  and  foot-boards  of  metal  to  lie  provided  for  uuiuoniers  when  mount- 
ad  on  the  chest. 

That  wood eu  aiogle-lrees  be  fastened  to  the  eud  of  n  short  splinter-bar,  and  tfa&t 
the  line  of  traction  of  tlie  traces  be  tlie  same  ae  in  the  present  harnetis. 

The  pole  to  be  attached  to  the  limber  in  sach  manner  aa  to  be  removed  ivithont  tb» 
nae  of  a  wrench,  and  tlie  attachmi-nt  of  rear  to  the  front  carriage  by  lueane  of  a 
lunette  and  pintle,  he  the  same  as  at  present,  except  that  thepiiitie  project  beyond  the 
liniber-chcsl. 

That  Ihe  front  of  the  limber-chest  be  provided  with  a  painted  canvas  boot,  to  cover 
tbe  knapsacks  carried  on  the  foot-ho.'krils. 

The  hoot  to  lie  fastened  at  the  top  by  moans  of  eyelets  and  »  half-inch  strap  mnoinit 
through  staples  ami  eye-uin  riveted  to  the  cheat,  and  at  the  comer  by  straps  passing 
over  ej'e-pins,  the  enda  of  all  the  straps  to  he  protected  by  metal.     (See  Plate  1,} 

The  position  of  the  piutle,  the  position  of  the  amniunilioD'Obest  with  reference  to  the 
•xlo,  and  the  lift  of  the  trail  in  pounds  will  all  mote  or  le«8  determine  the  weights  on 
the  collars  of  the  wheel  hones,  as  well  as  the  dimensions  of  the  turning  an^le. 

These  cannot  be  accurately  determined  by  the  Board  without  experimenting  with 
the  carriage  itself,  and  it  is  thought  that  while  it  is  advisiable  to  only  refer  to  thes« 
matters  in  a  general  way,  it  is  recommended  that  the  pintle  be  not  placed  under  the 
•best  that  the  turning  angle  be  as  large  as  practicable  without  greatly  increasing 
the  length  of  the  piece  limbered,  and  that  the  weight  at  the  end  of  the  )>ole  when 
the  piece  is  limbered  be  not  more  than  ^  pounds  per  borBo  unless  absolutely  required 
by  the  other  details  of  construction . 

On  November  15,  1881,  the  prpliminary  report  of  the  Board  was  for- 
warded by  the  Chief  of  Ordniuice,  U.  S.  A.,  to  the  commanding  officer 
of  this  arsenal,  with  direetioiiw  to  report  BpeciScally  his  views  in  rcganj 
to  the  samples  to  be  made  with  estimate. 


5!" 


.ii 


I 
1' 


tight.     Tilt'  objection  to  borizontul  pi);eon-hoIes  for  projectilea  is  the 
reaching  those  behind  the  front  row.    This  will  he  fonnd  to  exist  with  tb 


l\\      \  arrangement  last  proposetl.    The  front  frame,  after  being  emptied,  has  tc 

and  depositiHl  somewhen^  before  the  projectiles  in  rear  can  be  reached.     Ie 
frame  would  probably  be  thrown  on  the  ground  and  never  be  seen  aeain. 

Ah  the  pintle  hook  in  the  limber  is  to  project  in  rear  of  the  chest,  there  i 
difticnity  in  having  the  back  of  chest  let  down  properly,  and  it  will  he 
veuient  to  n»ach  across  it  to  the  rear  n>w  of  projectiles. 

As  the  chest  i8divide<l  into  two  parts,  it  is  proposed  to  make  the  hack  in 
each  hin<j;ed  at  its  upper  edge  so  as  to  open  back  on  to  top  of  chest,  thi 
only  halt  the  contents  at  one  time. 

The  limber  and  chest  for  gun-carriage,  caisson,  battery  wagon,  and  forg 
of  the  same  material  and  construction,  for  the  last  two  drawers  will  be 
tools  and  small  stores,  and  for  this  a  back  in  two  pieces  will  also  be  fo 
tageous. 

The  action  of  the  Chief  of  Ordnance  on  these  reoommendi 
that— 

(1)  Iron  shonld  be  used  for  the  body  of  the  limbers. 

(2)  The  trail  of  the  guncaiTiage  should  have  a  bearing  in  fi 
I                  pintle. 
j                      (3)  Steel  should  be  employed  in  the  limber  chests. 

(4)  My  discretion  to  he  used  in  the  arrangement  of  the  in 

the  lid  of  the  chest,  but  that  one  chest  shonld  be  fitted  up  on 

dorn  plan,  and  that  the  top  of  pintle  should  not  be  made  to  pro 

I  the  bottom  of  the  chest  the  back  of  chest  could  be  let  down 

pintle. 

LIMBER  BODY. 


(Plate  I.) 

The  principal  parts  are: 

1  axle,  steel,  3  by  2i  inches. 

2  houud^i,  iron,  an^le,  2^  by  2^  inches  by  i  inch. 

1  fork,  iron,  of  2  T  bars,  2i  by  2J  inches  by  ^  inch. 

1  splinter-bar,  iron,  an^le,  2^  by  2J  inches  by  J  inch. 

2  foot-i)lates,  steel,  -^  incli  thick. 

1  pintle  hook,  iron,  with  eye  for  rear  prop. 
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1  pole  key,  iron. 

1  pole-key  clasp,  steel. 

2  clasps  for  props,  steel. 
2  single-trees,  wood. 

2  draught-hooks,  iron. 
2  wheels,  ''Archibald.'' 
2  linch-washers. 
2  linchpins  and  clasps. 

2  staples,  iron,  riveted  to  hounds,  to  receive  stays  of  ammunition 
chest. 

a  bolts,  low  steel,  for  pintle-hook. 

6  bolts,  low  steel,  for  axle-straps. 

2  bolts,  low  steel,  for  securing  chest  to  hounds. 

Rivets,  iron. 

CONSTRUCTION, 

The  axle  is  attached  to  the  hounds  and  fork  by  bolts,  through  the 
axle-straps. 

The  splinter-bar  and  the  foot-plates  are  united  to  the  hounds  and 
fork  by  rivets  and  by  the  fork-strap  and  corner-irons.  The  draught- 
hooks  are  riveted  in  the  corner-irons. 

The  pintle-hook  and  the  braces  are  attached  by  bolts. 

The  clasps  are  connected  by  rivets.  A  piece  of  sheet  metal  riveted 
to  the  splinter-bar  and  the  front  foot-plate  forms  a  receptacle  for  cans 
of  axle  grease. 

The  canvas  boot  in  front  of  the  ammunition  chest  is  secured  to  the 
limber  body  by  four  straps  passing  through  slots  along  the  rear  of  the 
front  foot-plate  ;  and  is  attached  to  the  chest  in  front  by  6  hooks,  and 
at  each  end  by  2  buttons. 

The  ammunition  chest  being  so  placed  as  to  diminish  the  weight  at  the 
end  of  the  pole,  a  rear  prop  appeared  advisable  for  use  with  chests  open- 
ing in  rear. 

In  the  first  limber  made,  angle  iron  was  employed  instead  of  T  ^^ 
for  the  fork,  but  as  the  latter  was  found  to  furnish  a  better  attachment 
for  the  pintle-hook,  it  was  used  in  the  field  limbers  made  subsequently. 

As  all  the  chests  were  not  of  the  same  dimensions,  the  length  and 
width  of  the  limber  frames  were  varied  correspondingly. 

WEIGHT. 

The  limber  body,  with  its  wheels  and  pole,  weighs  806  pounds. 

AMMUNITION  CHESTS. 

In  determining  the  construction  to  be  adopted  in  the  ammunition 
chests,  the  first  ])oint  to  be  decided  was  the  thickness  of  metal  to  be 
used. 

After  su(th  limited  experiments  as  could  be  made  at  this  arsenal,  by 
firing  the  500  j^rains  bullet  at  plates  of  different  grades  ot  steel  and  of 
dififerent  thick noss  at  distances  varying  from  300  to  1,200  feet,  and  after 
correspondiii*^:  iii)()n  thesubject with  GeneralJ. O. Tidball,  U.  S. Artillery, 
who  had  been  the  president  of  the  Light  Artillery  Board  of  1881,  0.12 
inch  was  fixed  iii)on  as  the  thickness  of  steel  for  the  chest.  This,  it  was 
found,  would  otfVr  sufficient  resistance  at  500  yards,  the  limit  suggested 
by  General  Tidbail,  would  make  a  strong,  stiff  chest,  and  one  of  not 
unreasonable  weight.  ' 


ill 


trituu  v:iicnL  Lictii,  liitriciuiCy  l\j  uo  iiiiciu^tru.    l%j  ouii    luc  uieiiivn 

ployed  in  it. 

The  first  order  for  fjibricatioii  eon teiu plated  three  chests 
for  use  with  a  caisson,  one  for  a  battery  wagon,  and  oue  ft 
and  as  the  first  had  to  be  fitted  after  the  method  proi>osed  h} 
Ilagadorn,  these  three  chi^sts  were  made  of  the  same  size  an 
openinjT  to  the  rear,  the  side  Inking  hinginl  at  the  bottom  ai 
down. 

When,  hiter,  instructions  were  given  to  fabricate  six  addi 
bers  for  use  with  c^irriages  for  3.20-iuch  wrought-iron  B. 
other  niethods  of  packing  the  ammunition  were  devised  at  t1 
aiul  use<l  in  the  chests. 

In  some  of  tlu^  first  chests  the  bottom  and  ends  were  m 
piece;  but  as  the  fitting  of  the  phites  was  found  very  troublec 
side  in  the  subsequent  chests  was  a  single  piece. 

For  all  the  chests  homogeneous  steel,  from  Park  Brothei 
Pittsburgh,  was  used  in  the  to[),  as  this  piece  was  beut  do 
four  sides  to  stifien  the  projecting  edges,  and  in  the  chests  < 
the  rear  a  flange  also  was  turned  by  which  the  top  wa»  nvi 
I  sides  of  the  chest.    This  metal  was  beut  cold;  the  other  ni 

!  found  could  not  be  so  treated  with  safety,  even  when  heate 

facilities  at  hand. 

In  all  the  chests  rivets  only  were  used  to  unite  the  parts. 
I  To  rentier  the  chests  water-tight,  a  packing  box — a  uarrov) 

I  metal — extends  around  the  o[)en  side.     In  this  is  placed  rabl 

against  which  the  lid  closes  and  is  ])ressed  tightly  by  the  1 
In  the  chests   opening  on  to]>  the  packing-box  is  without 
sides,  while  in  those  that  open  to  the  rear  the  packing-box  i 
•  is  within. 

Several  styles  of  fastening  for  lid  of  chest  were  made,  bi 
was  that  devised  by  Lieut.  W.  B.  Gordon,  Ordnance  Dt 
shown  in  <letail  on  Plate  3.  It  operates  by  an  eccentric,  anc 
alone  on  all  the  chests  except  that  of  ]>attem  Ko.  1,  Plate  2. 

The  lid  of  the  chests  thiit  open  to  the  rear  is  held,  whei 
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Chest  of  Pattern  No.  1,  Hagadorn's. 

(Plate  II.) 

The  projectiles  in  this  chest  are  carried  in  four  trays,  11  inches  each. 
The  cartridges  are  in  two  drawers  above  the  projectiles,  and  for  the 
fSriction  primers  is  provided,  in  each  drawer,  a  box  with  a  lid. 

The  trays  are  composed  of  a  piece  of  sheet  metal,  forming  the  bottom 
and  ends ;  of  three  curved  pieces,  and  a  head-rest  and  a  tail-rest  that 
•apport  and  confine  the  projectiles;  of  bronze  castings  that  act  as  sepa- 
rators to  the  curved  sheets ;  of  tie  rods  and  braces  to  stiffen  the  con- 
•traction ;  of  rollers  to  facilitate  moving  the  loaded  trays,  and  of  spring 
catches  by  which  they  are  held  in  place. 

The  head  rest  is  formed  of  two  plates,  confining  rubber  rings  that 
receive  the  forward  ends  of  the  projectiles.  The  tail-rest,  of  metal  or 
wood,  has  a  rubber  strip  on  its  upper  surface,  on  which  the  lower  tier 
of  projectiles  rest. 

When  a  front  tray  has  been  emptied,  it  is  withdrawn  and  exchanged 
with  the  full  one  behind  it. 

The  cartridge-drawers  rest  upon  pieces  of  angle-iron.  They  are  of 
copper,  stiffened  on  the  bottom  by  sheet-iron,  bent  to  form  ribs,  and 
riveted  to  the  copper.  Stops  on  the  under  side  of  the  top  of  the  chest 
prevent  the  drawers  from  being  drawn  out  entirely.  One  drawer  has 
two  flat  fixed  handles,  over  recesses :  the  other  has  two  movable  wire 
handles,  closing  into  depressions.  The  lids  of  the  primer  boxes  are 
controlled  by  springs. 

Chest  of  Pattern  No.  2. 
(Plate  III.) 

The  filling  for  this  chest  was  suggested  by  that  proposed  hj  Mr. 
Hagadom  several  years  before  for  the  wooden  ^mmunition-chest.  One 
half  of  the  chest  is  fitted  with  metal  partitions  for  23  projectiles,  rest- 
ing point  downward  on  rubber  rings ;  the  other  half  contains  cylinders 
of  paper,  in  which  the  projectiles  are  placed,  resting  on  rubber  rings. 

The  metal  partitions  are  riveted  to  a  band  of  sheet  metal,  and  are 
separated  and  stiffened  by  braces  riveted  to  them.  The  partitions  are 
stiffened  in  themselves  by  being  wired  along  their  upper  edge. 

The  paper  cylinders  are  united  by  rivets  and  bolts,  and  have  no  band 
between  them  and  the  chest. 

A  compartment  in  the  center  of  the  chest,  between  the  projectile- 
folders,  contains  some  of  the  cartridges,  and  the  remainder  are  stored 
in  three  trays,  which,  supported  above  tlie  projectiles  by  pieces  of  wood 
and  metal  at  the  front  and  rear  of  the  box,  can  be  moved  sideways  and 
allow  the  projectiles  to  be  reached  without  the  trays  being  removed. 
The  space  toward  the  center  between  two  trays  carries  the  equipments 
for  the  gun. 

The  metal  parts  of  the  filling  and  the  trays  are  of  galvanized  iron, 
which  is  also  used  for  the  same  purpose  in  all  the  chests. 

On  the  rear  (A'  the  chest  (front  when  on  the  limber)  are  sockets  and 
spring  clasps  for  two  felling  axes  and  for  two  watering-buckets:  the 
bails  of  the  latter,  passing  up  between  the  chest  and  the  foot-board,  are 
hooked  to  the  chest.    This  is  the  same  for  all  the  chests  except  No.  1. 

On  all  the  chests,  except  No.  1  and  one  of  Pattern  ISTo.  2,  the  lower 
end  of  the  front  branch  of  each  handle  (see  Plate  IV)  is  tamed  into  a 
hook  for  carrying  the  prolonge ;  the  rope  is  passed  back  and  forth  over 
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the  hooks  and  uuder  the  chest  and  hounds  in  rear  of  the  axle,  an 

loose  end,  if  not  reaching  a  hook,  is  lashed  where  it  maj  cornel 

roi>e. 

Chest  of  Pattern  No.  3. 

(Plate  IV.) 

The  tilling  of  this  chest  is  a  modification  of  that  of  Hagadoi 
Pattern  No.  1. 

The  projectiles  are  horizontal  in  the  trays  instead  of  being  im 
The  rear  trays  are  bolted  in  the  chest,  the  front  ones  only  bein 
able.  These,  when  emptied,  are  withdrawn  and  keii^t  on  the  opei 
on  the  top  of  the  chest  while  the  projectiles  in  the  rear  trays  an 
removed. 

Two  trays  are  entirely  of  metal,  the  other  two  of  pai)er  cy 
within  a  metal  band.  The  front  trays  have  metal  backs  to  supii 
rubber  rings.  Kods  across  the  o]>en  spaces  at  the  ends  of  th« 
serve  as  handles.  No  rollers  or  catches  are  used,  and  the  vertical 
of  a  tray  is  prevented  by  rubber  washers  rivete<l  on  top. 

Two  eomi)artments  above  the  projectiles  contain  the  eartrid{ 
equipments.    The  front  of  these  spaces  is  not  entirely  closed,  b 
half  of  each  front  is  hinged.    When  closed  it  is  retaineil  by  a 
catch  at  each  end. 

The  trays  contain  the  s;ime  number  of  projectiles  and  are  much 
and  less  expensive  than  Hagadorn's.    They  are  similar  to  the  bo 
chest  of  Pattern  !No.  2. 

Chest  of  Pattern  No.  4. 
(Plate  V.) 

The  ])rojecti1e-holders  in  this  chest  were  suggested  by  some  i 
the  Italian  artillery. 

Each  half  of  the  chest  is  divided  by  vertical  partitions  into  fo 
partments  of  one  size,  and  a  fifth  larger;  in  each  of  the  first 
placed  a  sliding  holder,  which  contains  five  projectiles,  separ 
two  points  b3'  semicircular  bands  of  iron,  and  resting,  point  do^ 
on  rubber  lings.  A  dropping  handle  is  attached  to  the  front 
holder. 

The  two  comi)artments  adjacent  to  the  center  nartition  are  pi 
each  with  a  copper  box,  with  lid,  for  friction  primers.  These 
carry  also  the  equipments  for  the  gun. 

The  cartridges  are  packed  in  two  compartments  above  the 
tiles;  a  ])ortion  of  the  front  of  each  is  hinged  and  baa  two  di 
handles ;  when  closed  these  plates  are  held  by  spring  catches 
ends;  the  liinges  are  formed  to  prevent  the  fronts  falling  mad 
the  liorizuiital,  so  that  they  ai'e  closed  b^*  the  lid  of  the  chest  ' 
is  raised. 

Chest  of  Pattern  No.  6. 

(Plate  VI.) 

The  left  half  of  this  chest  and  the  compartments  for  cartrid 
identical  with  pattern  No.  4;  the  filling  in  the  right  half  was  d^ 
by  Lieutenant  Gordon,  Ordnance  Department. 

In  this  last  method  the  first  tier  of  pitijectiles  is  placed  upoi 
on  the  bottom  of  the  chest,  six  in  the  rear  row,  base  to  the  re 
five  in  the  front  row,  base  to  the  front.    The  bolts  in  the  prqje< 
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X^ear  row  enter  holes  in  a  Qsed  plate,  tbe  IkiUh  id  tbose  of  tbe  froDt 
enter  boles  in  a  movalile  bmdiug-plate,  and  tbe  points  of  the  pro- 
iiles  of  both  rows  enter  boles  lioed  with  rubber  in  a  secoud  movable 
diog-plnte.  Tbene  plates  are  hiuged  to  the  bottom  of  tbe  ebe&t,  and 
en  raised  press  firmly  a^^aiiist  the  proje<:tites,  and  are  held  by  spring 
ches,  the  levers  of  which  extend  to  the  front  of  the  chest  (rear,  tbe 
bet  being  on  the  limt>er). 

Ihe  second  tier  of  projeetiles,  arranged  in  all  respects  similar  to  the 
Bt,  is  supported  on  a  shelf  riveted  to  the  chest. 

Above  each  tier  is  a  space  proposed  to  be  utilized  for  the  equipment. 
This  filling  is  very  expensive,  and  was  notfound  so  satisfactoiy  as  had 
en  hoped ;  therefore  it  was  introduced  in  only  one-half  of  one  chest, 
stores  the  projectiles  more  compactly  than  any  of  the  other  methods, 
t  in  many  respects  is  objectionable. 

OAPACITT  OF  CHESTS. 

Item  No.  1 44 

item  No.  2 48 

itorn  No.  3 44 

Item  No.  4 40 

rtem  No.  r> : 

Bigbthalf 32 

Left  half 30 

WEIGHTS  OF  CHESTS,  WITH  FILLING. 


Bitber  chest  without  filling  weighs  abont  218  pounds. 

DISPOSITION  MADE  OP   LIWBEBS. 

One  limber  with  chest  No.  1  and  one  limber  with  chest  No.  2  issned 
Light  Battery  F,  Fifth  United  States  Anillery,  Fort  Hamilton,  New 
irk  Harbor;  one  limber  with  chest  No.  2  and  one  limber  with  ebest 
I.  i  sent  to  Benicia  Arsenal,  California,  for  use  of  Light  Battery  K, 
rat  United  States  Artillery;  one  limber  with  chest  No.  3  sent  to 
lited  States  Military  Aca<ieray,  West  Point,  N.  Y.;  one  limber  with 
est  No.  3  sent  to  United  States  Artillery  School,  Fort  Monroe,  Va. 
Ohest  No.  5  was  is-siied  on  limber  of  caisson  to  Light  Battery  F,  Fifth 
lited  States  Artillery,  Fort  Hamilton,  New  York  Harbor. 

COST. 

Each  limber  and  chest,  complete,  with  filling,  cost  abont  #050 ;  but  as 
By  were  entirely  experimentnl,  and  as  tbe  work  was  commenced  with- 
t  perfected  dnmings  or  designs,  much  expense  was  incurred  in  ex- 
ri  men  ting  !ind  in  alterations,  in  learning  the  workmen,  and  in  tools; 
erefore  the  lignres  given  are  much  above  what  snoh  constructions 
)uld  cost  when  made  by  the  quantity  alter  the  pattern  may  have  been 
ily  determined. 

A.  MORDECAI, 
lAeutenant-CoUmd  of  Ordnance,  Commanding, 
Watbetliet  Arsenal,  New  York,  IS85. 
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(I  plati..) 

Watertlibt  Absenax,  N.  Y. 

Marcb,  1884,  the  commaDdiDg  ofli<^<!r  of  tliia  artteriAl  was  ilirected 
)ricate  a  metal  carriage  for  the  3.1^  inch  Htcel  rifle  then  iu  txinrse  of 
Tnction  at  the  Watertown  Arsenii). 

e  carriage  made  for  the  3.2  ioch  wtuu^ht-iron  H.  L.  rifle  described 
e  report  of  the  Chief  of  OrdDam^i-,  U.  S.  Army,  for  18H4,  Appeu- 
a,  was  tnken  ii«  the  uiodel,  and  sncL  nimlilicatiuuA  adopted  aa  were 
inded  by  the  diflereuees  in  the  gan  to  be  used. 

the  steel  rifle  was  to  have  the  French  breech  cluHure,  instead  of 
lermat]  one  used  iu  the  3.2  inch  converted  rifles,  the  elevating  ap- 
tns  had  to  be  remodeled,  that  it  could  in  no  way  interfere  with  the 
ing  of  the  breech.  This  was  accom'plished  by  romuviug  the  baud- 
1  and  axle  that  operated  the  elevating  screw,  and  HubHtitiitiug  a 
i,  nhaft,  pinion,  and  small  gear,  so  that  the  power  would  be  applied 
e  right  side  of  the  stock. 

wooden  handspike  and  socket  were  siibstitnted  for  the  iron  haud- 
^ and  the  a\!e  pliites  were  reduced  onesixteenth  inch  in  thickness, 
reposed  by  the  Ordnance  Board  {llt')jort  of  Chief  of  Urdnance  for 

page  31.1). 

the  original  constrnction  the  steel  cheekH  were  not  change^l. 

i  the  parts  that  differed  from  those  of  the  uuMlel  carriage  are  shown 

tail  in  the  plate. 

>  carriage  was  completed  in  the  month  of  June,  and  sent  to  the 

V  Hook  jiroviiig  ground.     Sixty  rounds  were  Bred  fiom  it  by  the 

ince  Boanl,  and  some  a<lditional  rounds  by  the  "Board  fur  Test- 

ifled  Cannon,"  &.c. 

October  1  the  Ordnance  Board  reitorted  that  tlie  CBrriage  had 
way  so  far  as  to  render  repairs  necessary  before  further  firing 

be  made. 

!  conimiindiiig  olticer  of  this  arsenal  was  then  direct*^  to  proooed 
ady  Hook  and  confer  with  the  Ordnance  Boanl  iu  reifard  to  what 
tions  would  be  most  advisable.  It  was  decided  that  the  principal 
'«  sliouhl   be  in  the  substitution  of  longer  ciuit'St«el  oheeka  for 

in  the  carriage. 

•  injury  was  in  n>ar  of  the  cheeks,  the  trail  and  cheek  plates  having 
ed  and  bt-nt  ontwiird  to  sncli  an  extent  as  to  ivuder  the  currlage 
viceable. 

carriage  hiiving  been  returned  to  this  arsenal,  cheeks  of  cast  Mcel. 
'  in  plate,  obtained  from  I.  G.  Johnson  &  Co..  Sunvten  Duwil  V 

4625  OED ■>•* 


.  i 


■  I 
■  i 


658         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Y.,  were  introdueeil,  aud  some  iniuor  repairs  made.  The  left  Joi 
box  of  elevating  nut  had  to  be  cut  in  two  before  it  coald  be  phMX 
position. 

Again  on  April  11  the  Ordnance  Board  reported  **  that  the  steel 
carriage  received  back  from  Watervliet  Arsenal,  repaired  and  modi 
has  broken  down  after  enduring  139  rounds." 

Fracture  of  the  lower  angle  irons  through  rivet  holes  and  bad 
of  the  trail  in  rear  of  the  cheeks  had  taken  place,  showings  weaknei 
construction. 

The  hirge  charges  used  with  so  light  a  gun  caused  strains  beyond  i 
the  structure  could  stand. 

The  broken  carriage  has  been  sent  from  here  to  the  National  Am 
that  such  parts  as  may  be  suitable  can  be  used  in  a  carriage  of  diAB 
construction  being  fabricated  at  that  place. 

A.  MORDEGAI, 
Lieutenant-Colonel  of  Ordnance,  Commamiin^ 
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HT  WAGOK  \ 

MVSITION 


BBPOBT  OF  TBE  COSSTBUCTWN  OF  A  CAISSON  AND  A  BATTEll 
OF  METAL  FOB  flELD  SEBVICE.AND  OF  A  WAGON  FOB  AMMn. 
COLUMNS.  AT  WATBRFLIET  ABSENAL. 

(5  plates.) 

Watbbtliet  ABSBMAL. 

The  cais30D  and  batt«ry  wagon  of  metal,  and  tbe  wagon  for  artillery 
ammunition,  fabricaU'd  at  this  arsenal,  were  proposed  by  tbe  Board  of 
Light  Artillery  OfH^iers  convened  by  virtue  of  General  Orders  No.  39, 
Headquarters  of  the  Army,  A.  G.  O,,  Washington,  April  28, 1881.  All 
the  details  were  worketl  up  at  this  arBenal. 

The  views  of  the  lioard  as  regards  these  carriages,  and  also  iu  refer- 
ence to  a  held  forge,  are  shown  in  the  following  extract  from  its  pro- 
ceedings : 


Tbe  limber  of  the  cniwoii  to  be  nimll»r  tu  luid  interohangaublu   with   that  o 


vit«d  to  the  Hagiiduru  HVHteni  uf  niuTyiiiKamiuiiiiitiDn,  i 
trial  ill  Lislit  Battery  K.  First  ArtiUory- 

Tbe  cht'Ht  to  Iw  placitil  in  proper  poajtion  for  <MiuDt(ir]iuiB<>,  loving  n  sidaII  platfonu 
iu  front  and  rent. 

The  iiiulbud  and  plnci-  of  unrryiu);  tbe  spitro  whtwl  and  ixile  lo  ho  tho  aamu  a*  in' 
the  pruHciit  model,  au>i  ihn  eaisHOu  budj'  ti>  be  provliled  witli  a  uiiaplo  briike  Ibvdi'. 

The  liourd  reconiiiiPiidH  that  the  gnu  curriugo  laiA  uaiiwon  for  tbe  tienvipr  Held  aaa, 
as  well  Its  their  eqiiipiiicrit,  be  simlmr  tu  those  for  th«>l');btt.T,  with  aaob  moiliticiitinDii 
•a  the  ^reaiur  weight  aod  dimeuBiun  of  tbe  guu  and  projectile  require. 

THB    BATTKHV   WAOON. 

That  the  wheiis  of  rlie  hatti'ry  naKon  bn  iuterehuiigeabin  wll.h  all  oth(^^  wheels 
in  the  builerv,  and  thi'  lioiber  be  simi lar  to  all  other  tiiuTiers;  nnil  that  the  chost  only 
differ  in  its'interDiil  nrrHngpment,  being  providm]  with  drawers  for  the  safe  and 
convenient  carriage  nf  tools  and  stores. 

That  the  fmiue  of  the  batWr;  wagon  be  the  satnn  as  thai  of  the  naisson,  exeept 
thai  the  rails  be  lou^vr  to  tb»  rear.  That  the  box  bo  luadu  of  Iron  or  nUsal,  and  rect- 
angnlar  in  shape,  with  a  sloping  roof^  and  to  have  a  longitadinal  atrip  along  the 
roof,  to  which  the  two  slopini;  lids  ono  be  hinged.  The  box  to  be  !ltO  inuhes  lune  and 
40  inches  wkle,  'Jli  inches  hi^h  at  the  sides,  and  25  inches  high  at  tbe  eunter.  There 
ahoutd  be  a  till  Vi  iuebes  wide  across  the  front  end  of  the  box;  tbebottoui  of  the  tiU 
13  inches  above  the  iHitlom  of  the  box,  and  tbe  sides  of  the  till  to  be  carried  up  ti>  thn 
roof.    There  should  bh:  a  longitudinal  partition  dividing  tbe  box,  hut  iiot  tbe  till, 

Tbe  outside  of  tbe  box  to  have  six  Il-ineh  rings  on  each  side  and  cbi         

The  rings  to  bo  of  three- ''iehths  iron  aod  to  be  faateued  about  3  inuhoa  below  the 
of  tbe  siiles  and  ends,  us  shown  in  plates  2  and  3. 
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Tlie  Itiuird  ri'i'oninieiidB  lielow  what  llie  cnntvnts  nf  tbr  forf|[e  aatl  lii 
■hoiild  tie.  mid  ninitH  the  dpIailH  fur  their  stowHRi*  and  KTTanf(eiueiit,  wb 
with  tht-  iitTcii||rth  and  dimniMnns  iif  thi-  parls  of  tlit'  carriageii,  ihry  Iml 
be  <l<-tvniiiiK'<I  hy  the  cunKtriii-tore. 

It  JH  recoiiuiiendnl,  hnwi-ver,  tliat  Ixith  the  battery  waeoo  and  forf^ 
with  B  ^iul)>I•'  lever  brake,  a*  aang^teA  fur  the  caitMon,  and  that  all  rarr 
iiiiihe<l  with  |Mil<i-pro{iii  ami  iininled  a  light  green  idivecolur,  triniuieil  witl: 
polen  Hiii|rle-treeEi,  and  the  hatxlleii  of  all  tMda  and  liupIeuiHta  to  b«  ailm 
nntiiTal  cidor  uf  the  ituihI. 

Tliut  i>ar1  <>f  ihe  |h)U'  n-hieh  CAniea  into  contact  with  the  leg-goftnl 
driver  to  be  profeclert  from  wear  by  ciipiier  or  other  material. 


Eyiit 


r  CARKIAOBB. 


The  gun,  I  breech  a 


>ver,  1  toinpion. 


GL'-S'   CARRIAGR. 

The  tiHiU.  iniiib-nieut8,  and  eqtiilimentit  required  for  the  mrchBoiam  »i 
the  Kun. 

LIUnBR  OP  PIKCK. 

One))aul)n,  13by  ir>feet;  1  pndiin^-.  tube  wound  od  hooka  placed  in  rra 
plane  thTniigli  the  liiH>kii  tn  Iw  homimtat :  1  );reasehoz,  to  hcdd 3 pnanda, 
ntiiicT  the  limber:  3  waterin);  buckets,  to  W  nf  leather,  capper  riveted,  i 
means  of  xiiup  liiHiks  nnder  the  fiMit-lMia.dit  and  na  hish  from  the  gronnd 
2  axem  fellitiK. 

l.l.MBlUt  OF   CA1B80X. 

One  |iaiiliii,  Vi  by  15  f  -et :  1  3-inch  rope,  !>0  feet  iu  lenjitfa,  with  6-lDeh  1 
endii,  t<i  Im'  earried  aa  preacribeil  for  the  prolonge;  one  B-oanoe  Ki>da 
nieasnn-;  S  water  Imekelw.  to  be  carried  as  prencrilwd  for  limber  of  pfeoe; 
as  per  ,.i.-ee  lim1..T  ;  i  ajif^  fellinB. 


i  8]>are  imle, 
1  niattncb. 
I  wheel  trace, 


REPOET  OP   THE 

TOOLS  AXD  STORKS  TO  BB  CASHIKD  IK  FOBGX. 

Blaoktmilh'i  topU. 
1  anvil,  11)0  uouuiU. 
J  »iivU-bli)p((, 

4  ft|>nine,  sniith's. 
1  brii8li.liur»e-tail. 
1  bucket  furgo. 

3  bojiua  .tWciTig.lenlber. 
1  cnliix-rs,  Hmith'e. 

5  obiHoU  fur  bot  in<n.  haodled,  Msorted. 
S  chiM'lHfor<'[>1<l  iron. handled, HBOtt«d. 

5  HiUfU.  L'old  liHDd. 

1  nil  cirf.pprr,  pint,  brasd. 

1  diVatocv'"i>r''ub«vp  f'''^'' *'''**'>'6  lot  naw  iron  wwri^ge. 

6  drillB,  nasorted.  fat  bmcD.huid. 
lit  fliM.Btoitb'H,  nHBurted. 

3  fllt'-hnndlu,  |>ateut, 
1  fuller,  baitdlod. 

1  hjiinmflr,  baoit,  h&ndlad. 
1  b»mmi-r,nTi>tiDg,  bandied. 

4  bnminFtB,  gbiMui^,  liuudl«l, 

1  linnitnor,  Bl«lge,rmud)t>d,ll-poandH,ite«l  f»oed. 
3  hardies. 
IS  KhiH-iug-knivvB. 
1  oi1-Bt(iue,3  pimnda. 
3  piiici>r«,  shiwing. 
I  plncfn,  SDiftll. 

1  {ititciid,ur  olioabiDg-iron.  , 

1  pQuoh,  ranndiband. 

1  puuoh.jtqaBre.hand. 

1  pnneh,  fore,  hand. 

1  pnuob,T«iind,luindlBd. 

1  pniu'b.Bquore,  hiiDdled. 

1  punch,  center,  band, 

1  punch, nail. band. 

1^  rn«p«.nhoeing.  IS-inoh. 

1  ncn-w-driviT,  band. 

1  shovcO.cinl, 

1  iiliov..|.sniil.l,'s. 

5  wi'di-rh,  l">(lciiii  unci  t<)]i,  1  set  each. 


S&O  pniindH  c(in 

I   2  cbaiuH.Nu><.  land? feet. 

250  caiilkH,  Lui^  „i,t«:. 
600  hnncahnee,  Biirileu. 
1  oil.siMTin,  qnart  can, 
SO  Dail8,Glol>e,imiind«,NnH.7,8,and9. 
Nata  and  hnllM  and  wasburH;  assorted  and 
!£  iron,  linr,llui,UM««rtcd,pi>nndB. 
SS  iron,  roiiiMl,  aHHorted,  pounds. 
35  Iron,  bar.Hquure, assorted, ponods. 
50  links,  uold,  shut.  Nob.  :1  and  5. 
6  linchpins  and  nusbors. 
5  Bt«cl,  bliHter,  pounds. 
5  strel.cast,  poniids. 
i5  books  (double  8).  Nob.  1  and  S. 
10  tire-bolts. 


5  neudl^it,  collnr. 
iU  ni-mlles,  sail. 
I  nipjiers,  cntliiiK. 
1  oil-st..iiP. 
I  pnlni,  Mtilnr's. 
1  pincers,  i>Hir. 
1  iiliere,  pair. 

I  prickiiii:  carriage  hdiI  3  wheels,  Vm.  B,  10,  aod  13. 
1  p  nil  fh.  hand. 
1  piiDch,Rpriiig,reyolTiug. 
1  rivet,  s*t. 
1  riilf,  ^fuot. 
1  aaiiils'oiii-. 

1  iM.Ten'-ilriver,:)-iticIi. 

1  itlit'nrH,  pair.lMucb  blade. 

4  tliiiiibleH. 

1  bGcanax,  pnuiid. 

1  bluekwan.  pound. 

1  bolts,  tlnlter,  d<>7.en. 

V  bristlt'S.  oUDCi'H. 

i  biiekli's.  dozen,  iron-roller,  atiaorted. 

•2  biicklps,  CHrncs'a  pulenl,  dozen,  aasorted. 

1  buckleH,  liar,  dozen,  assorted. 

1  biivklpH.  girtb,  dozen. 

2  Ifiitln'r,  bridle,  sidea. 

75  Wiitber,  hamexB,  ixtiinds. 

■i  ringn.  <l»zen. 

3  rivets  and  burs,  eii|)j>er,  assarted,  ponnds. 
3  Btaiileo,  dozen. 

:i    tacks,  iron,  papers  of. 

5  tacks,  oupper,  papero  of. 

^  lhteii<L  patent,  shoe,  pounds. 

3    thread.  Aline,  pounile. 

KaTE  'J. — That  in  adilitinn  to  above  tools  and  stoTea  the  Board  reqn 
Ordnance  Di-partnieiit  aild  sncb  other  toots  and  alores  aa  may  bs  require 
pair  of  the  iron  carriafce  furnished. 

Note  :i. — Tin-  Mizes  iif  horse-iboes  reqnired  shonid  be  deainiated  in  the 
hnt  in  rii-u's  wlii'n  this  is  not  done  tne  folloirias  shonld  t>e  the  propor 
cent,  of  N'ci.  :i,  .V>  [ht  rent,  of  Xo.  4,  and  5  per  ceo*,  of  Ko,  5. 


EEPOKT  OF  THE  CUIEV    OF  ORDNANCE,         bbd 

1  bevel-Bquare. 

1  50-foot  tape  nioBsure. 

1  brac«,  baad,  metal,  yatent. 

24  bits  for  brace,  band,  assorted. 

3  brace  extenaiuna  for  above,  S,  1%  and  15  iocb. 

1  ohalk-line  on  spool. 

2  chalk,  pouDiis. 

4  chisels,  haodlml,  firmer,  |,  I,  IJ,  anrl  1)  inch. 

5  ohisals,  baailled,  fraiuinK>  i,  i,  1,  14-  and  3  inch. 
1  compass,  spring. 

1  drawing  kutfe. 

12  files,  hand-saw,  44-inch. 

2  filee,  wood,  fiat.  10-inch. 

2  files,  wood,  half-round,  tO-incb. 

5  files  for  cross-cut  saws. 
1  gauge,  carpenter. 

6  gimlets,  assorted. 

3  gouges,  firmer,  handled,  |,  t,  and  Ij  iijoh, 

5  gouges,  framing,  handled,  1  and  Ij  incli, 
1  grindstone,  14  liy  4  inches. 

Arbor,  crank,  and  stand  for  grindstones;  the  frame  to  be  maile  ho  a«  to  take  apart 
and  pack  fiat. 
1  hammer,  claw,  handled. 
1  batcliHt,  claw,  handtod. 
1  mailft,  cariienler. 
1  oil-stone,  Ij-pound. 
1  oil-drupper.  pint,  brass. 
1  pincers,  small. 

I  plane,  fore,  Scinch,  double  irons. 
1  plane,  Jack,  '.J^-inch,  double  irons. 
I  plane,  smoothing, 
a  plain-irons,  aj-irieh. 
1  rule,  ii-l'oot,  fonr-fold. 
1  rasp,  wootl. 
I  Baw-frame,  complete, 

6  saw-frame  blades,  ftsHortod. 
1  saw,  band,  cross-cut,  2C-inch. 
1  saw,  tenon,  14-iiich. 
1  saw,  cross-cnt,  handled.  5-inch. 
I  saw  set,  patent. 

-2  strtw -drivers,  6  and  12  inch. 
1  screw-driv(-r  fur  brace  hand. 
1  sqnaro,  trying,  T^inch. 
1  spoke-sliave. 
3  screws,  gross,  assorted. 
1  vice  bench,  wooil,  complete  (iron  sorew). 

MISCKLLANBOUB  8TOKBS. 

6  gas-checks  for  gun. 

6  fanyards. 

6  lanterns,  hurri<^ane,  kerosene. 

&  oil,  kerosene,  gallons. 
75  grease,  whet-1,  pounds. 
3&  nails,  4,  ti,  8,  10,  p.  ponnd. 

6  spokes. 

1  lifting-jack  (lights). 

2  rea|iing  hooks. 

2  wheel  traces. 

2  lead  tnicee. 
20  whips. 

6  collars. 
16  hair  cinches. 

6  brioles. 
12  hailers. 

25  haitie  straps. 
12  baiter  chains. 
20  nose  bags. 

6  sash  cord  pieces. 
S  marline,  pounds. 
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1  elevatinij  screw. 

1  baiiu*8.  )iair. 

2  ))ole  pads. 

1  1j  g  ^uard. 

2  toiiipions. 

2  winj^le- trees. 
1  8ij;:lit,  tele.«<copic. 
1  sight,  (ordinary. 
1  si^ht,  muzzle. 
1  odometer. 

."S  cotton  waste,  pounds. 
1  ordnatice  manual. 

5  nets  knives,  forks,  spoons,  meat  ration  cans  and  haveTBacks  and  tin  capa. 

1  pole  yoke. 
r»  priming  wires. 

3  gunner's  gin. lets. 

3  vent  i>unches. 

4  rammer  heads. 

4  sponge  heads, 
t)  sponges. 

6  sponge  covers. 
25  curry-c<mihs. 

6  hors*;  covers,  canvas. 
25  hrnshes. 
10  spurs  and  straps. 
20  surcingles. 
25  blankets. 

5  paint,  olive,  mixed  in  oil,  pounds,  t«>  be  packe<l  in  l-poand.cans  with  aoraw 

2  paint,  black,  pounds. 
2  oil,  linseed,  raw,  gallons. 

I  oil,  Iinsee<l,  boiled,  gallons. 

1  turi>entine,  spirits  of  gallon, 
t)  bruslirs,  paint,  assorted. 

2  sasli  tools,  assorted. 

5  sand  ]>ai»er,  assorte«l,  quires. 

3  doth,  emery,  assorted,  tpiires. 

5  cloth,  crocus,  quires.  ' 

25  trijioli,  papers. 
2  r<»tten  stone,  pound. 
2  oil.  sperm,  gallons. 

4  oil,  utMit's-foot,  gallons. 

H>  oil,  harness,  Collins,  prepare<l,  gallons. 
20  soap,  castile.  pounds. 
10  sponge,  pounds. 

2  logwood,  extract,  pounds. 

2  lami>black,  ])onnds. 
50  gn>as*>,  wheel,  pounds,  to  be  issuetl  in  2-pound-can8  with  screw  topa. 

1  gauge  for  fitting  bits  to  horses,  to  consist  of  a  graduated  moath-pieoe  aad  Mi 
adjustable  check-piece. 

In  a  report  submitted  by  me  in  accordanoe  with  instractioiiB  of  flt 
Chief  of  Ordnance,  United  States  Army,  the  followiDR  relates  to  fli 

construction  of  those  carriages : 

CAISSON. 

Wrouj^ht  ii-on  shonhl  be  employed  for  the  oaisaon  body,  fbr  the 
reason  as  above,  and  homogeneous  steel  might  be  noed  for  tlio 
The  lid  of  chest  should  be  in  two  parts,  hin^d  along  middle  line  t|i 
longitmlinal  i>ieee ;  this  will  be  ])ossible  since  the  small  platftmi 
sired  in  rear  of  chest  will  remove  the  spare  wheel  from  the  lid ;  t 
operated  by  a  screw  with  handle  in  rear,  would  be  attached. 

If  tliis  ciiest  is  to  be  arranged  for  the  transportation  of  eam 
since  tlie  half  lids  must  slope  outward,  a  seat  resting  on  iron 
wouhl  be  placed  at  each  end  of  each  half  lid,  and  there  oonld  also  tok 
front  a  screw  or  lever  to  operate  the  brake. 


JtAT  - 
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The  projectiles  will  be  placed  upon  end,  separated  by  partitions  of 
l^lvanized  iron,  the  cartridges  in  copper  trays  to  slide  over  the  parti- 
tions, exposing  the  projectiles. 

BATTERY  WAGON. 

The  frame  to  be  of  wrought  iron,  and  the  box  of  sheet-iron  or  homo- 
geneous steel,  stiffened  by  pieces  of  channel  iron ;  sliding  traya  of  metal 
or  wood,  with  cover,  will  be  used  for  tools  and  small  stores. 

FORGE. 

The  frame  and  box  will  be  of  the  same  general  constrnction  as  those 
of  the  battery  wagon.  A  rotary  fan  to  be  used  as  proposed  by  Colonel 
Laidley  ;  the  tools  and  stores  to  be  arranged  in  compartments  in  a  man- 
ner that  it  is  thought  will  be  more  simple  and  cheaper  than  in  the 
eavalry  forge,  the  fastenings  to  be  reduced  and  simplifi^,  and  the  cost 
of  certain  parts  to  be  reduced. 

WAGON  FOR  AMMUNITION. 

As  the  ammunition  in  this  wagon  is  to  be  carried  in  packing  boxesy 
the  ends  of  wagon  should  be  removable ;  the  two  spare  wheels  called 
for  can  it  is  thought,  be  placed  horizontally  on  frames  resting  on  the 
lid ;  if  desirable,  the  frames  and  lid  can  be  removed  for  loading  the 
wagon. 

GENERAL  CONSTRUCTION  OF  CARRIAGES. 

The  iron  used  in  the  frames  of  the  limber,  caisson,  battery  wagon, 
and  forge  will  be  of  the  same  form  for  similar  parts. 

I  propose  to  employ  H  iron  for  the  stocks,  T  ^^  L  'or  the  rails,  L 
iron  for  braces  and  cross  pieces,  and  T  ^^  L  iron  for  splinter  bars. 

For  tliese  ir  is  believed  that  mercantile  forms  can  be  obtained  and 
the  8am[)les  be  constructed ;  should  it  hereafter  be  found  that  steel 
would  be  more  advantageous,  the  forms  necessary  would  have  to  be 
made  specially  for  the  purpose. 

No  conii)lete  i)lan  for  any  one  carriage  can  be  made  till  the  work  is 
nndertakeu  and  it  is  seen  what  dimensions  or  shapes  cannot  he  obtained, 
and  what  difficulties  in  working  the  forms  may  be  encountered ;  and 
for  the  same  reason  no  estimate  of  cost  can  be  made  with  any  accuracy ; 
similar  work  done  at  this  arsenal  has  been  taken  as  the  main  guide  in 
preparing  the  estimate  now  submitted. 

Upon  the  preceding  report  the  indorsement  of  the  Chief  of  Ordnance 
was  to  the  effect  that  the  general  recommendations  as  to  construction 
should  be  carried  out,  vAxre  being  taken  to  so  arrange  the  longitudinal 
joint  in  lid  of  caisson  chest  that  water  could  not  enter.  ' 

In  the  manufacture  of  these  carriages  endeavor  was  made  to  embrace 
all  the  features  and  conditions  desired  by  the  Light  Artillery  Board, 
all  details  of  constrnction  having  to  be  determined  by  me.  Without 
detailed  plans  and  with  otily  such  drawings  as  might  be  prepared  from 
day  to  day,  the  work  progressed  under  many  difficulties,  and  conse- 
quently very  slowly. 

There  have  been  produced  experimental  carriages,  which,  though 
far  from  perfect,  may  serve  to  lead  the  way  to  better  and  finally  satis- 
factory  constructions. 

Later  experience  in  the  manufacture  of  metal  carriages  has  indicated, 
how  defects  known  to  exist  in  the  earlier  ones  can  be  remedied. 


I, 

ir 
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1  lever,  iron. 

1  crank  bar,  low  steel. 

2  lugs,  iron. 
2  cranks,  iron. 

j!    ,  2  connecting  rods,  low  steel. 

1  brake-bar,  compound,  low  steel. 

2  shoes,  iron,  faced  with  leather. 
2  brackets,  iron,  to  supjwrt  brake-bar. 

I  4  corner  irons,  iron. 

1  spare  pole-ring,  iron. 

1  spare  pole  key  plate  and  key,  iron. 

2  wheels,  **Ai*chibald.^ 
6  bolts,  low  steel,  for  axle-straps. 

3  bolts,  low  steel,  for  spare  wheel-axle. 

4  bolts,  low  steel,  for  attaching  chest. 
The  i)arts  of  the  frame  are  united  in  the  same  manner 

bers,  and  the  axle  is  attached  by  bolt«. 

The  brake  is  brought  into  action  by  raising  the  lever.  This  i 
crank-bar,  which  is  supported  by  the  lugs,  riveted  to  the  a^ 
raises  the  cranks,  and  by  the  connecting-rods,  draws  back  t 
bar  i>ressing  the  shoes  against  the  wheels. 

AMMUNITION-CHEST. 

The  caisson  carries  but  one  chest.    The  bottom,  sides,  ends 
tition  of  this  are  of  steel  0.12  inch  thick,  whilst  the  lid  is 
inch  thick. 

The  general  construction  and  the  filling  is  the  same  as  in  t 
chest  of  Pattern  No.  2. 
{  (  On  the  right  side  of  the  chest  is  riveted  a  ratchet-plate  foi 

ice  of  tiie  braki^-lever. 
j  The  chest  was  made  on  dimensions  determined  for  a  simila 

'  meiit  of  the  prqjiM*tiles,  but  one  which  required  a  greater  a: 

fore  spaces  w(Me  left  between  the  holders  and  the  sides  of 
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L  single-tree,  attached  to  front  of  ciu'M  by  'i  spring-catohes  au(l  to  foot- 
boanl  by  1  hook. 

i  spades,  secured  to  rear  of  chest  by  sockets  and  spring-clasps. 

i  spades,  on  rear  platform. 

L  toattock  aud  1  pick  on  rear  platforiu,  one  point  of  each  entering  sock- 
ets on  right  aide  of  cbest.  The  bandies  am  strappetl  with  the  spades 
to  the  platform. 

3  shovels,  with  loug  handlen,  attached  to  Ihe  M\  Ride  by  metal  straps 
extending  from  the  chest. 

WEIGQT, 

Paonda. 

Cfti8«an,  complete  with  chest,  spare  parts,  and  toola 1,633 

Body,  with  2  wheels l     933 

Chest,  with  filling 412 

FilHug 153 

Wheel 300 

BATTERY   WAGON. 


PRINCIPAL   PARTS, 

The  principal  parts  of  the  battery  wagon  are — 
1  axle,  steel,  3  by  2^  inches. 

1  stock,  iron,  channel  6  by  2.25  iocheH  by  0,28  inchett. 

2  side  rails,  iron,  angle  4  by  3  inches  by  0,375  inches. 

2  cross- jilates,  Ije.ssemer  steel,  ^-inch  tliiok. 
1  lunette,  iron,  forged. 

3  axle-straps,  iron. 

1  brake,  conijiowed  of — 

I  crank-handle,  iron. 

1  screw,  iron. 

1  nut,  bronze. 

1  stirrup,  iron. 

1  connecting  roil,  loug,  low  steel. 

1  link,  iron. 

2  connecting-rods,  short,  low  steel,  eiieb  in  two  part«  with  coupling. 

1  brake-l<ar,  compound,  low  st«el. 

2  sliOfs,  wood. 

2  wheels,  "Archibald." 

6  bolts  lor  axle-straps,  low  steel. 
6  bolts  for  attaching  cliest,  low  steel. 

1  cliest,  sheet  steel,  0.109  inch  thick,  except  the  lids,  which  an-  «.(W3 
incli. 


The  parts  are  united  in  the  same  manner  aq  in  the  other  metal  car- 
riages. 

The  wheels  of  all  the  carriages  are  of  one  imttem  and  are  inter- 
changeable. 

All  jiarts  of  llie  chest  are  of  metal.  It  is  divided  longitadioally  by 
a  partition  extending  from  bottom  to  top,  aud  in  each  half  are  two  cross- 
partitions  at)out  half  the  height  of  the  sides. 

A  till  is  formed  in  the  upper  front  part  of  the  cbest. 

The  rings  on  the  exterior  are  for  Kishing  supplies,  as  forage,  that  it 
may  be  desired  to  traus))ort  without  the  chest. 
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The  cover  is  formed  of  two  lids,  hinged  to  a  ridge-piece.  The  pmAi^i 
box  extends  along  the  outside  of  the  sides  and  ends  and  on  the  nali 
side  of  the  rid<^epiece.  To  press  the  lid  against  the  mbber  paeU^ 
two  of  Lieutenant  Gordon^s  fastenings  are  osed  and  one  operated  Ig 
an  eccentric  turnbuckle  applied  for  trial. 

In  the  body  of  the  chest  are  to  be  packed  the  sapplies  and  the  sdhj 
parts,  the  tools  being  placed  in  the  till  and  in  the  chest  of  the  limlMi 
The  long  crosscut  saw  is  carried  against  the  main  partition,  held  tg 
three  spring  brackets. 

AMMUNITIOX   WAGOX. 

(Plate  V.) 

The  conditions  prescribed  by  the  Light  Artillery  Board  for  this  wagoi 
admitted  of  but  one  general  plan  for  its  construction. 

No  other  place  could  be  found  for  the  spare  wheels,  bnt  above  dM 
lid,  and  they  had  to  be  so  iirranged  as  not  to  interfere  with  the  remoftl 
of  the  top  or  ends  of  the  body.  The  parts  may  have  been  made  stronga 
and  heavier  than  necessary,  otherwise  they  appear  to  perform  wdltti 
service  required  of  them. 

The  running  gear  is  that  of  the  regulation  wagon  used  by  the  ITnilei 
States  Quartermaster's  Department. 

The  length  and  height  of  the  woo<ien  body  was  determined  fat  ttfl 
load  it  was  assumed  should  be  carried,  taken  at  28  boxes,  or  280  roimdl 
of  ammunition  for  3.2  inch  rifle,  about  5,200  pounds,  indndiug  bom. 

The  lid  is  in  two  part«,  of  wood  covered  with  canvas,  painted. 

The  "boards"  that  close  the  ends  are  alike. 

The  construction  of  the  body  in  all  its  details  is  shown  so  fhl|y 
clearly  in  the  drawings,  that  no  further  explanation  appears  w 

This  wagon,  like  all  the  experimental  artillery  carriages,  is  paint 
as  recommended  by  the  Light  Artillery  Board*  green,  the  color  betag 
lighter  than  the  olive  generally  us^  on  artillery  carriages,  and 
posed  to  approach  nearer  to  the  green  foliage  of  trees. 

A.  MORDECAI, 
Lieutenant'Colonel  of  Ordnance^  Oomi 
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(I  iilate.) 

Watervliet  Arsenal.  N.  T. 
band-sling  cast. 

My  i>er80Dal  experience  during  tliP  late  war,  ami  since,  proved  that 
tbe  band-sIiug  cart  was  not  Hiifhcieiitly  ntroiig  to  withxtaud  Die  weights 
it  was  fre<iueiitl.v  properlj'  wiltwl  upon  to  cjiriy;  therefore,  when  re- 
qnired  twice  in  the  past  lliiee  years  to  fabncate  a  slinpcart  for  the 
o«e  of  the  U.  S.  Light-Houtie  Service,  a  stronger  construction  was 
adopted. 

The  most  serious  injuries  to  the  ordnance  cart  were  the  bending  of 
tbe  axle  about  the  center,  iiud  the  breaking  of  the  axle-arras  at  the 
shoulder. 

The  changes  made  are  as  followw,  viz: 

(1)  The  axle  ia  increased  to  a  uniform  thickness  of  2,625  inches,  and 
depth  of  3.8  inches,  except  in  rear  of  shoultler-washers.  where  it  is  3.5 
Inches. 

(2)  Tbe  axle-arms  are  joined  to  the  body  by  curved  sarfaeea,  and  are 
increased  in  diameter  for  a  length  nf  0,9  inch,  where  a  swomt  curved 
snrface  is  used  to  unite  wftti  the  principal  length  of  arm,  This  form 
was  adopte<i  since  it  was  desired  to  nee  wheels  on  hand  of  different 
patterns,  which  wouhl  not  admit  of  the  hnb  being  reamed  throughout 
its  length. 

For  new  constructions,  the  hnb  should  be  enlarged  and  the  axle- 
arms  increased  and  given  a  uniform  taper, 

(3)  The  form  of  the  hook  is  somewhat  changed  and  its  dimensions  are 
inci'eaaed, 

(4)  Tbe  cn>s8-8cction  of  the  pole  is  enlarged  and  chambers  are 
omitted. 

(5)  The  i>ole  straps  are  increased  in  thickness  and  length,  and  ex- 
tended beyond  the  point  of  attachaieiit  of  tbe  braces. 

(<>)  The  diameter  of  the  braces  is  increased,  also  that  of  the  bolt  con- 
necting tliem  with  the  pole. 

PINCH-BAR,  JrO. 

Pinchbars,  for  use  in  mechanical  manenvers  at  tbe  forts,  have  been 
made  by  me  heavier  than  those  formerly  fabricated  at  this  arsenal,  in 
order  tliat  they  might  conf<irm  to  the  reqniivments  of  Tidball's  Man- 
ual. Aliout  8  inches  at  the  h)wer  end  of  the  bar  is  steel ;  tbo  remain- 
der is  still' iron. 
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The  sliD^-cbain  is  that  prnsuribed  in  TidbalPs  Manoali  page  200. 

The  holdfast-pin  and  the  sIniDg-chock,  shown  in  plate,  were  made  to 
fill  requisitions  for  sach  articles.  The  latter  is  referred  to  in  Tidball's 
Manual,  page  270. 

The  pin  is  entirely  of  ironj  would  be  improved  if  made  partly  or  en- 
tirely of  steel. 

The  chock  is  of  oak  with  claws  of  iron. 

The  dimeuaions  of  all  of  the  above  machiues  are  given  on  the  draw- 
ings. 

A.  MOBDECAI, 
IdeutenantColonel  of  Ordnance,  Commanding, 

Watbrvlibt  Arsenal,  N.  Y.,  1885. 


rittt  I. 


PINCH  BAR. 


n'^0 


1:1 


iff. 


■-1 


6 


SLING  CHAIN 


ifcj*.?: 


Appendix  .W— 1886 


11 

I 


Appendix    GO. 


BEPORT  OF  THE  CONSTRUCTION  OF  METAL  FIELD  CABRIJGE  AND 
LIMBER  FOR  GATLINQ  IIUX.  CALIBER  0,45  INCIT,  PATTERN  16»l, 
WITH  ECCLES  FEED.  AT   WATERVUET  ARSENAL. 

(0  plates.) 

Watervliet  Arsenal,  1885. 

The  general  pattern  of  the  gun  carriage  and  limber  is  «bown  in 
Plate  I. 

As  the  namber  of  (.'aniagcs  ordeii?<l  to  be  made  prevludf^d  tli<^  idea  of 
an  experimental  constractiun,  care  wa«  to  avoid  tbe  adoption  of  feat- 
ures that  bad  not  been  tesltd  in  other  njetal  oarriages,  or  iii  regard  to 
tiie  utility  of  which  mucb  doubt  could  b»  raised. 

In  designing  this  work  valuiible  aj^^sislauoe  wa«  reu-  ivud  t'rorn  Liem. 
W.  IJ.  Gordon,  Ordnance  Ik'partinent, 

The  limber,  it  is  thoaght,  will  be  found  to  fulfill  the  requirements  of 
tbe  service.  The  advisability  of  some  of  tbe  featnrei!  in  the  gun  car- 
riage can  be  determined  only  by  trial.  Ko  provision  was  made  for 
filling  the  Eccles  feed -cylinders, 

PRINCIPAL   PABTS. 


(PlalesIVaiid  V.) 

1  axle-steel,  2.5  by  2.26  inches. 

2  trail- plates,  mild  steel,  0.2  inch  thick. 
2  angle  irons,  iron  1.25  by  1.25  inches. 

2  tniil-cheeks  reinforces,  mild  steel,  0.2  inch  thick. 

1  axle  block,  bronze. 

1  axle-strap,  iron,  forged. 

1  Innette,  iron,  forged. 

1  lunette-plate,  with  lug,  iron,  forged. 
6  transoms,  mild  steel,  0.2  inch  thick. 

2  braces,  iron. 

1  trail-seat,  steel  homogeneous,  0.1  inch  thick. 

1  trail -handspike,  linch  gas-pipe. 

2  trail -handles,  iron. 

1  swivel  mounting,  compot^ed  of — 

1  gan-supi>ort,  bronze. 

2  cap-squares,  bronze. 

2  cap-square  keys,  bronze. 

1  traverse- binder,  iron. 

1  elerating-arc,  low  steel. 

1  arc-binder,  low  steel,  handle  bronze. 


i 


1  axle,  steel,  li.o  by  2.25  inches. 

2  hounds,  iron,  angle,  3  by  2  inches. 
1  fork,  iron,  of  2  angle-bars,  3  by  2  inches. 

1  splinter-bar,  iron,  angle,  3  by  2  inches. 

2  foot-plates,  steel,  Bessemer,  0.165  inch  thick. 
1  i)in tie-hook,  iron,  forged. 
1  pintle-hook  key,  iron. 
1  pole  i>rop,  1-inch  gas-pipe. 

I  3  axle-straps,  flange  iron,  0.375  inch  thick. 

1  fork-strap,  flange  iron,  0.375  inch  thick,  with  eye,  irou. 

1  front  fork-strap,  irou,  0.25  inch  thick. 

1  evener  plate  and  pin,  iron,  forged,  0.375  inch  thick. 

1  evener-pin  brace,  iron. 

2  corner  irons,  iron,  0.375  inch  thick. 
1  polo,  wood 
1  pole-yoke,  iron. 

\\  1  i)ole-key,  iron. 

1  evener,  wood,  2  end  bands,  iron. 

2  single-trees,  wood,  2  middle  bands  and  4  end  bands  and  hoc 
4  foot-plate  brackets,  iron. 
Clasps,  steel. 
Bolts,  low  steel. 
Rivets,  iron. 
2  wheels,  Archibald. 

LIMBER,   AMMUNITION  CHXST. 

(Plate  III.) 

1  lK)ttom,  steel,  Bessemer,  0.1  inch  thick. 

2  sides,  steel,  Bessemer,  0.1  inch  thick. 
2  ends,  steel,  Bessemer,  0.1  inch  thick. 

1  top,  steel,  homogeneous,  0.1  inch  thick. 

2  i)artitions,  steel,  Bessemer,  0.1  inch  thick. 
1  Riibnnrtitioii.  strel.  Bessemer.  0.083  inch  tl      c. 
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2  handles,  iron. 

2  clasps,  iron. 

2  turn  buckles,  low  steel. 

Linings  to  protect  feed-cylinders,  wood. 

4  bolts,  low-steel,  to  attach  chest  to  limber-body. 

Eiveta,  iron. 

1  padlock,  brass. 

CONSTETTOTION. 
CARRIAGE. 

All  the  parts  that  compose  the  stock  proper  and  all  the  minor  parts 
attached  to  it  are  united  by  rivets.  In  addition,  there  are  4  bolts  that 
assist  in  securing  the  trail-plates  to  the  axle-block  at  points  where 
rivets  cannot  bo  inserted. 

Upon  the  completion  of  the  first  carriage  a  want  of  stiffhess  was 
fbnnd  to  exist  at  the  junction  of  the  trail-plate  and  axle-block,  and  to 
overcome  this  the  trail-cheek  reinforce  was  added. 

The  axle  strap,  by  which  the  stock  is  attached  to  the  axle,  is  secured 
by  4  bolts  threaded  into  the  axle-block. 

Six  bolts  through  each  bottom  plate  secnre  the  chest  to  the  axle. 
Two  of  these  bolts  pass  also  through  the  braces.  The  axle  had  to  be 
planed  where  enveloped  by  the  axle-block  and  the  chests  to  insure  a 
true  bearing. 

Four  of  the  carriages  were  fitted  with  an  experimental  forked  trail 
handspike,  shown  on  Plate  V. 

In  the  axle-chests  the  back,  bott^om,  and  front  are  of  one  sheet|  bent 
cold,  six  times  parallel  to  the  axle,  and  four  times  perpendicular  to  it^ 
the  latter  to  form  corner  angles  to  which  the  ends  are  riveted.  Angto 
pieces  riveted  to  the  ends  extend  under  the  bottom,  but  constitute  bands 
only  around  three  sides  of  the  axle.  The  upper  band  is  in  rear,  bent 
into  the  lower  member  of  the  hinge. 

The  lid  is  bent  double  about  three  edges,  and  from  the  fourth  is 
formed  the  u])per  member  of  the  hinge.  In  these  chests  rivets  oid^  are 
used. 

Each  chest  contains  two  feed-cyjinders,  protected  by  the  wooden  fill- 
ings. 1  n  the  blocks  over  the  axle  and  between  the  feeds  are  placed  tools 
for  the  service  of  the  gun  and  carriage. 

In  the  right  chest  are —  • 

1  crank-handle  for  gun. 
1  drift. 

1  lock  screw-driver. 
1  hand  screw-driver. 
1  T"  screw-driver. 
1  pin- wrench. 
1  sight,  right. 

In  the  left  ch<.'st  are — 
1  cam -extractor. 
1  riveting-hammer. 
1  oil-can. 
1  screw-wrench. 
1  sight,  left. 

On  the  stock  are  carried,  secured  by  stops  and  clasps — 
1  oscillating  lever. 
1  wiping  rod. 
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The  fhuoe  of  the  liody  is  pnt  together  and  secured  to  the  axle  entirely 
by  rivete.  The  only  bolts  ased  are  foar,  that  attach  the  pintle  hook  to 
the  fork, 

"Where  the  hoauds  and  fork  rest  upon  the  axle  the  web  ia  cat  away 
to  the  flange.  To  compensate  for  this  the  axle-straps  are  forged  with 
weba,  the  vertical  angle  of  junction  with  the  strap  being  solid.  These 
straps,  riveted  to  both  flange  and  web  of  the  angle-irons,  restore  the 
strength  lost  by  cutting,  "nie  same  construction  is  a^lopted  in  the  fork- 
strap. 

On  some  of  the  limbers  the  evener-pin  is  riveted  in  the  plate }  on 
others  the  two  are  forged,  in  one  piece.  The  latter  plan  was  considered 
preferable. 

Ten  limbers  were  made  with  eveners  (Plate  I),  and  correspond  to  de- 
tails in  Plate  VI.  The  other  ten  had  two  singletrees,  each  attaohed  to 
draught-hooks  an  in  Plate  II.  The  difference  in  the  parts  oan  be  readily 
understood  from  the  drawings. 

AMMTJHITIOM  CHEST. 

As  the  chest  opens  at  the  top  and  as  all  the  ammunition  to  be  carried 
is  water-proof  in  itself,  no  packing-box  and  rubber  packing  are  needed. 
This  simplifies  much  the  constmction  of  the  chest 

iTo  bolts  whatever  are  used. 

The  capacity  of  the  chest  as  filled  is:  right  compartment,  132  pack- 
ages of  20  cartridges  each ;  left  compartment,  132  packages  of  20  car- 
tridges each ;  center  compartment,  4  feed-cylinders  of  104  cartridges 
each;  front  center  comp&rtmeut,  38  packages  of  20  cartridges  each; 
making  in  all  6,444  ronnds  of  ammunition. 

Provision  is  made  for  four  feed-cylinders  in  this  chest,  as  it  was 
tliought  the  four  on  the  carriage  would  probably  be  found  insnfflctent. 
If  this  be  not  desired  the  wooden  linings  can  be  removed,  and  the  space 
vill  eoiitaiTi  10,')  iiackages  of  UO  cartriiii;i 
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i  AMMUNITION  CHEST. 

i 

As  the  chest  opens  at  the  top  and  as  all  the  ammanition  U 
is  water-proof  in  itself,  no  packing-box  and  rubber  packing  t 
This  simplifies  much  the  construction  of  the  chest. 

No  bolts  whatever  are  used. 

The  capacity  of  the  chest  as  filled  is:  right  compartment 
ages  of  20  cartridges  each ;  left  compartment.  132  packages 
tridges  each ;  center  compartment,  4  feed-cylinders  of  104 
each ;  front  center  comp&rtment,  38  packages  of  20  oartrii 
making  in  all  6,444  rounds  of  ammunition. 

Provision  is  made  for  four  feed-cylinders  in  this  chest, 
thought  the  four  on  the  carriage  would  probably  be  found  i 
If  this  be  not  desired  the  wooden  linings  can  be  removed,  an 
thus  left  will  contain  165  packages  of  20  cartridges  each,  w] 
allow  the  chest  to  carry  9,340  rounds  instead  of  6,444. 
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SHOWING  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1, 1885. 


Sank  and  name. 


liRIO  ADI E  B-OE!rXEAL. 

Stephen  y.  Ben6t 

COLONELS. 


1.  J.  McAllister,  brevet 

2.  S.  Crispin,  brevet 

8.  T.  G.  Baylor,  brevet . 


1 .1 E  LTKN  AKTCOLOMBLS. 

1.  J.  M.Whittemore 


2.  A.  R.  Bnffinjfton 

3.  D.  W.  Flagler,  brevet 

4.  A.  Mordecai,  brevet .. 


MAJORS. 


1.  F.  U.  Parker,  brevet- 


2.  J.  P.  Farley 


3.  L.  S.  Babbitt. 

4.  W.  A.  Marye 

5.  I.  Arnold,  jr  . 

6.  C.Comly 


Chief  of  Ordnanoe*  and   member  of 
Fortification  Board. 


Commanding  the  Benloia  Arsenal .  .. 

Commanding  the  Frankford  Arsenal . . 

Commanding  the  New  York  Arsenal, 
president  of  the  Ordnanoe  Bowrd, 
and  president  of  the  Board  for  Test- 
ing Kifled  Cannon,  Le, 


On  dnty  in  the  office  of  the  Chief  of 
Ordnance. 

Commanding  the  National  Amuny 

Commanding  the  Rock  Isla^  Arsenal. 
Commanding  the  WatervUet  Arsenal. 


Commanding  the  Watertown  Arsenal, 
and  member  of  Board  for  Testing 
Kified  Cannon,  Jko. 

Commanding  the  United  States  Pow- 
der Depot, 
laiug 


Address. 


Commanding  the  Fort  Monroe  Arsenal 

Commanding  the  Angnsta  Arsenal 

Commanding  the  San  Antonio  Arsenal 
Instmctor  of  Ordnanoe  and  Gunnery, 
I      United  States  Military  Academy. 
7.  J.  K.  McGiuness,  brevet |  Commanding  the  Saint  Louis  Fowder 

Depot. 
Member  of  the  Ordnanoe  Board,  and 

member  of  Board  for  Testing  Riiied 

Cannon,  &c. 
Commandiing  the  Kennebeo  Arsenal ... 
Commanding  the  Allegheny 


8.  G.  W.  McKee,  brevet 


9.  F.  11   Pbinps 
10.  J.  W.  lieillv. 


CAITAWS. 

1.  J.  A.  Kre^s,  brevet  mf^or — 

2.  O.  E.  Michaelia,  brevet 

3.  C.  E.  Duttou 


4.  J.  G.  Butler. 

5.  C.  Brvsint . . . 
tJ.  A.  L  Varney 

7.  J.  C.  Clifford 

8.  J.  E.  Greer. . 


9.  J.  Pitman 
10.  C.  Shaler 


11.  H.  Metcalfe... 

12.  W.  S.  Starring 

13.  C.  S.  Smith  . . . 


Commanding  the  Indianapolis  Arsenal 

Assistant,  WatervUet  Arsenal 

On  dnty  under  the  Interior  Depart- 
ment 

Assistant,  Rock  Island  Arsenal 

Assistant,  Benicia  Arsenal 

Assistant,  Rock  Island  Arsenal 

Assistant,  Frankford  Arsenal 

Commanding  the  Fort  LeaTenworUi 
Ordnance  Depot,  and  ohief  ordnanoe 
officer  Department  of  the  Missouri. 

Assistant,  Watertown  Arsenal 

Member  of  the  Ordnance  Board,  sad 
Member  of  Board  for  Testing  Rifled 
Cannon,  &c. 

Assistant,  WatervUet  Arsenal 

Assistant,  National  Armory 

Principal  assistant  in  the  Ordnanoe 
Bureau,  and  member  of  Fortifloa- 
tion  Board. 


Washington,  D.O. 


Benloia.  CaL 
Phi]adelphia.Pa. 
Governor's   xslaad.   Vow 

York  Gtty.    Poct-oOoe 

box  1449. 


Washington,  D.C. 

Snrin^eld,  Mass. 
BooklsIandJQL 
West  Troy,  ir.Y. 


Watertown,  Mase 


DoTor,  N.  J. 

Fort  Monroe,  y a. 
Augusta,  Gn. 
San  Antonio,  Tex. 
West  Point,  N.Y. 

Jefferson  BaCTaoks,  1f& 

Goremor's  Island,  Vow 
York  City.  Port-olltoo 
box  1449.     * 

Augusta,  Me. 

PitUbnr^,  Fn. 


\ 


Indianapolis,  Ind. 
West  Troy,  V.Y. 
Geological  Surrey,  Waali- 

ington,  D.  0. 
Book  Island,  m. 
Beniela,CaL 
Book  Idand,  HL 
Philadelpliia,  Fn. 
Fort  LeaTenwortli, 


Watertown,  Mass. 
Gk^vemor's   Island,   Vow 

Yort:  Ctty.    PottolBee 

box  1449. 
West  Troy,  V.Y. 
Snringflela,  Msss. 
Washington,  D.G. 
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19.  J.  C.  Avivs AsAiHtant.  Bcnicia  Arsenal 

20.  M.  W.  Lvon AMiAtunt,  WaU»rto«rn  Arsenal 

21.  C.  W.  Whipple Anftiiitant  to  the  Ordnance  Bojtd 


I. 
2. 

3.' 
4. 

5. 


22.  A.H.RuMell. 


FIRST  UEUTEXA2CT8. 


Commandiiie  the  Vancoarer  Barraekt 
ontnanre  uoiMt,  and  chief  cvrdiianoe 
uAicer  Department  of  the  Colambift. 


Benlcift.  Cm 
Watertowi 
Goremor'a 
York  Gil 
box  1449. 
Tanooai 


I 


R.Bimio.  jr On  fonndrydntv 

I.  MaoXiitt AaaiAtant,  Frankford  Anenal 

C.C. Morrison '  AwiAtant, Kock  lid.ind  Arsenal 

F.  Kaker Assistant.  Frankford  Arsenal 

O.  H  Mitcham Coinmantiiue  the  Cheyenne  Ordnanee 

Depot,  and  chief  ordnance  ofllcer 
Department  of  the  Platte 

n.D.  Bonip On  foundry  duty 


Cold  Sprtej 
PU]Ml«lpk 
Rock  lalaa 
PhUadelph 
Chej-enaOi 


7.  L.  L-Brnff Assistant  instructor  of  ordnanee  and 

pnnuery.  U.  f^  Military  Academy. 

8.  (MI.  Clark Assistant.  Xational  Armory 

9.  W.  M.Mudcalfe Assistant  to  the  Ordnance  Board 


10.  William  Crozier Assistant.  Watertown  Anenal 

11.  W.  B.(rordim '  Instnictor  of  philosophy,  U.  &  UUi- 

tarv  Academy. 

12.  F.E.  Ilobbs On  foundry  duty 


box  2331. 
Weat  PiiBt 

SpriairteM 
GoTeraor'a 
York  CU 
box  1441L 
Watertem 
West  Poiai 

SutloB    O, 


13.  D.  A.  Howard On  foundry  dutr Cold  SKpriaj 

14.  Sidney  £.  Stuart Instructor  of  philosophy,  U.  &  KOi-     l¥eot  Poial 

tary  Academy. 


OKOXAXCE  STORKKEBPEBS. 

Captain*. 


A.  S.  M.  ^lor^n  . 
W.U.  Rfxford... 

D.J.  Youne 

M.J. G real ish  ... 
V.McN'ally 


Ondnty,  Allegheny  Anenal PHtabmi^ 

On  dutV,  Indianapolis  Anenal Tndlananall 

On  duty,  Waterrliet  Anenal Went  Tm 

On  duty.  Augusta  Arsenal Ancnnli^G 

On  duty  in  the  Office  of  th^  Ghlaf  of  Wanhl^ln 
Ordnance. 
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